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BASES  OP  lADIO  OISBCtlOR  PIRDIRG. 


* 1.  S.  Rukes,  N.  fa.  Staclk. 
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I 


In  the  book  «re  presented  the  principles  and  the  aethods  of 
radio  traffic*  ara  described  the  different  systeas  of  c&llo  direction 
finders*  are  givaa  the  aethods  of  the  caLcolation  of  radio  direction 
finders  and  their  antenna  systeas*  Are  eKaained  the  acrors  of  radio 
direction  finders  and  special  feature/pecnliar ity  of  installation* 
checking  and  use  of  radio  direction  finders  under  varied  conditions. 

The  book  is  intended  for  the  stndents  of  schools  of  higher 
education  as  teatbook  to  the  course  of  radio  direction  fiaders*  for 
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students  sQd  cadis  eB9loeecs  as  aanageaeat/aanaal  on  design  and 
calculation  of  tka  different  systeas  of  radio  directioa  finders,  and 
also  for  the  operatiag  personnel,  shicl  operates  direction-finding 
egaipaeni  and  of  its  realising  organization  use. 

The  book  vilL  b'j  useful  for  the  wide  circle  of  the  radio 
specialists,  connected  with  that  which  was  directed  by  radio 
reception. 


page  3. 

PREF/?CE. 


Radio  direction  lindecs  widely  are  used  in  air  and  aarine 
transport  for  the  solut.  on  of  nawigational  problees  (position  finding 
of  aovable  object,  flight  toward  airport,  notion  to  the  ship,  that 
suffers  calaiity,  and  so  fo  *tb»  ; they  ace  applied  also  for  other 
target/par poses  (research  on  :he  questions  of  radiowawe  propagation, 
observation  of  space  vehicles  atd  so  forth). 

\ 

Known  direction- finding  sethoks  continuously  are  iapcoved, 
increasingly  nore  deeply  are  develop/processed  the  paths  of  an 
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incceass  in  tht  iscucacy  and  aenaitivitj,  are  found  nea 
direction- finding  aethods,  is  isproved  theory*  are  expaaltd  the 
frequency  band  aal  the  field  of  application  of  direction  finders.  All 
the  enuaecated  questions  are  illnsinated  in  periodic  tachaical 
literature:  however*  until  now*  are  not  systeaatised. 


In  the  book  is  presented  the  general  theory  of  direction 
finding*  ere  glvsa  the  procedures  of  calculation  of  direction  finder 
and  its  cell/elenents*  are  analyzed  the  errors  of  direction  finding 
and  way  of  their  eliaination. 

I 

i 

-I 

The  authors  hope  that  the  proposed  book  will  be  useful  not  only  ^ 

for  persons*  occupied  with  developeent  and  the  use  of  direction  i 

I 

finders*  but  also  to  the  wide  circle  of  the  radio  specialists  whose  1 

4 

activity  is  connected  with  the  directed  radio  reception. 

4 


The  authors  consider  it  their  debt  to  express  deep  appreciation  1 

to  Candidate  of  Cecbnical  Sciences  V.  K.  Nezin  for  wcitiag  §8. 3-8. 6 j 

and  the  survey  of  the  eanuscript*  to  Candidates  of  Technical  Sciences 

3 

L.  Sh.  Natadze  and  to  V.  H.  Ivanov  for  a series  of  observations  and 
indications,  aade  during  the  review  of  the  book. 
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Chapter  1. 


PIOBLBBS  DP  RAOID  TRAPPIC. 


Radis  tcaffis  was  used  for  the  first  tiae  and  in  essence  was 
developed  as  leans  of  the  larine,  and  than  also  air  navigation,  for 
which  the  lost  iaportant  question  is  the  detenination  of  the 
position  of  loving  object  (ship,  aircraft) . For  deterainlag  the 
position  of  any  of  object,  it  is  necessacf  to  deteriine  ingles  with 
certain  refereace  direction  of  straight  lines  i,  that  coaiect  this 
object  with  the  points  whose  coordinates  are  accurataly  known. 


POOTROTB  1 since  the  surface  of  terrestial  globe  plana,  precisely  to 
say  about  the  geoletic  lines,  which  connect  the  given  poiats  with 
this  surface.  For  greater  detail,  see  chapter  12.  BlOFDDriOTE. 


If  in  point  t is  located  the  object  whose  position  is 
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deteralnal*  and  t&e  coordinates  of  point  A are  known*  then  direction 
froB  point  x into  point  A*  deteralned  by  angle  « between  the 
direct/straight*  connecting  point  i nnd  A (Fig.  by  1.1)*  and  certain 
reference  directions*  he  is  called  bearing.  As  the  reference 
direction  froa  which  are  counted  off  all  angles*  is  accepted  usually 
the  direction  of  true  (geographical)  aeridian  at  the  particular 
point..  In  that  case  bearing  he  is  called  true. 

for  deterainlng  the  position  of  any  of  object*  it  is  necessary 
to  deteraine  froe  the  point  of  the  position  of  object  x the  bearings 
of  two  points  A and  B*  for  etaaple  a and  fi  (see  Pig.  1. 1| . After 
finding  these  bearings*  construct  on  aap/chart  straight  lines  AE  and 
BD*  forning  at  points  A and  B with  direction  north  > south  angles  a* 

= « - 180»  and  p*  = B ♦ 180«  respectirely . 

Page  6. 

Intersection  of  tae  straight  lines  AE  and  BD  gives  direct  position  of 
point  X.  The  directions*  deteralned  by  angles  ■*  and  6'*  they  are 
called  reciprocal  bearings. 

Bearings  caa  be  deteralned  by  visual  and  optical  aetaods.  These 
aethods  have  two  essential  def iciency/lacks:  the  snail  range*  liaitei 
by  line^of 'Sight  ranges*  and  the  iaposslhility  of  their  use  under 
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conditions  of  poor  visibility*  i.a.*  when  the  precision  1 > tersinat ion 
of  the  position  of  soving  object  soat  of  all  is  necessary* 

It  is  oatnraL  that  for  this  porpose  were  nsed  the  instrunents* 
deternining  bearings  by  the  eeans  of  radio*  the  radio  iiraction 
finders*  possessing  the  considerably  larger  range  and  the  possibility 
of  work  in  fog  and  under  other  conditions  of  poor  visibility. 

The  ueacing*  deterslned  with  the  aid  of  radio  egulptant*  he  is 
called  radio  baarlng.  The  process  of  deternining  the  radio  bearing  he 
is  called  radio  traffic*  and  the  branch  of  radio  enginaerlng*  which 
studies  all  guestions*  connected  with  radio  traffic*  by  radio 
direction  finding. 

In  the  precaling/previous  exaaple  it  was  assusel  that  the 
detersination  of  directions  a and  p is  conducted  on  the  soving  object 
itself.  This  aatiiod  of  the  direction  finding  when  diraotlon  finder  is 
located  oa  ship  or  aircraft*  he  is  called  its  own  direction  finding. 

Sith  dirsstloo  finding  it  is  possible  to  utilixe  a transaission 
of  any  radio  station  whose  position  is  accurately  known.  For  the 
purpose  of  the  provision  for  a possibility  of  direction  finding  at 
any  tine  on  the  eirth/ground*  are  establish/! nstailed  the  special 
transnltting  radio  stations*  called  the  nondirectional  ralio  beacons. 
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B«sid«s  the  described  eethod  is  applied  still  BDatliBC  eethod  of 
direction  finding*  which  lies  in  the  fact  that  with  the  aid  of  the 
direction  finders*  arrange/located  on  the  earth/groaad*  ire 
deterained  the  miles  e*  and  fi* , which  are  reciprocal  beirings:  e*  * 
« - 1d0»  ; « 3 ♦ 180®. 


Piq.  11.  Oeterniai tioa  of  position  froa  two  bearings. 


Page  7. 

This  aethod  be  is  called  strange  direction  finding.  Por  the 
possibility  of  its  application/Qse,  it  is  necessary  on  aircraft  (or 
ship)  to  have  ths  radio^transaitter  station  for  the  call  of 


terrestrial  radio  dicectiou  finding  station  and  then  for 
eaission/radiatlon  during  direction  finding.  The  obtaiied  bearings 
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A Bain  def Icieocy/Iack  in  this  sathod  lies  in  the  fa:t  that  the 
services  of  direct lon-finding  statioD  at  the  given  instant  can  use 
only  one  object,  ehile  the  nondlcactional  radio  beacon  can  be 
oriented  by  which  conveniently  nuaber  of  aircraft  or  ships,  eguipped 
with  direction  finders. 

The  sdvantajt  of  the  nethod  of  strange  direction  finding 
consists  in  the  fact  that  it  can  use  the  ships  and  aircraft,  which  do 
not  have  special  aguipaent  (radio  direction  finder),  but  equipped 
only  with  the  norial  receiveting^transsit  radio  station. 

Basiles  the  ! eter ainat ion  of  two  directions  for  ietaraining 
position  in  navigation,  has  value  and  definition  of  one  ilrection 
along  which  aust  follow  the  aircraft  or  ship.  This  targets' purpose 
serve,  first  of  all,  coapass,  also,  at  saall  distances  - the 
so-called  double  beacons.  Here  also  with  large  success  can  be  used 
radio  direction  finder. 

In  soae  special  cases  the  cole  of  radio  direction  finder  can  be 
especially  iaportant,  for  eiaaple,  the  direction  of  snip  In  aid  to 
other,  signalling  of  calaaity.  If  the  location  of  the  latter  is  Known 
insuff iciaotly  accurately,  the  only  aethod  to  rapidly  acaleve  it  is 
floating  In  the  direction,  indicated  by  direction  finder.  Large 
conveniences  direction  finder  represents  also  when  conducting  of  the 
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caratraa  of  laa  coarts  by  Ica-broakerf  «tc. 

In  air  flaet  tha  radio  dlroctloa  flndeca  vidaLf  ire  applied 
for  the  solution  of  the  problees  of  air  navigation,  la  tie  traffic 
control  service  of  the  provision  for  aircraft  guidance,  for  the 
identificatioa  of  aircraft  in  airport  none  and  in  other  cases. 

Besides  navigation  the  radio  direction  finders  find  a use  in 
silltary  science  as  eeans  of  detereininq  the  position  of  radio 
stations  and,  therefore,  troop  foruatioss  of  eneny. 

Page  8 

por  this  purpose,  the  direction  finders  videly  and  suscassfully  were 
applied  even  in  world  vac  19iao1918. 

Finally,  radio  traffic  is  very  essential  aethod  for  research  on 
a nueber  of  the  physical  problens,  connected  with  radio  oagineering, 
sainly  tho  guestions  of  the  propagation  of  the  electroeago etic  waves 
of  different  range,  in  different  tine  of  days  and  year,  distribution 
of  atoBOsphecic  discharges,  etc. 

Tha  iapoctaov;  appiication/use  of  radio  direction  finders  is 
their  use  for  detersioing  the  position  of  satellites  and  spacecraft. 


Xn  lasi/lattBC  d*cad*6  w«c«  d«vaIop«d  th«  dl?«rse  ne« 
radio-navigatioo  systeas:  puls««  phase.  Cragneocy.  ots.  Despite  the 
tact  that  soee  o£  these  systees  provide  position  finding  vith  larger 
accuracy  than  the  radio  direction-finders,  last/lattac  snapletely 
retain  tbnic  valaa.  Is  explained  this  to  the  facts  that  the  radio 
direction  finders  possess  a series  of  essential  advantages.  The  radio 
direction  finder,  establish/inetalled  aboard  the  aircraft  or  ship, 
can  be  used  in  any  area,  since  do  not  reguire  any  special  stations: 
direction  finding  can  be  produced  on  the  constantly  opnriting 
broadcast  or  coaaanica tions  radio  stations.  The  equipnent,  adjustable 
aboard,  is  siaple  in  operation  and  it  is  reliable.  During  the  use  of 
gconnd'based  radio  direction  finders,  not  at  all  it  is  rnguired  any 
special  equipaaot  aboard  of  aoving  object,  besides  the  nocval 
ceceivlng-transeittiag  station.  The  accoracy.  provided  with  radio 
direction  finders,  is  sufficient  for  the  solution  of  the  aajocity  of 
navigational  problees.  Radio  direction  finder  ie  the  aLL-ourpose 
instruaent:  it  it  is  possible  to  utilize  on  large,  eediaa  and  saall 
distances,  for  ezasple  for  the  driving  of  aircraft  on  thn 
predeterained  course  as  booster  agent  for  recovery  to 
landing/fitting,  ntc.  The  advantage  of  radio  direction  fladers  is 
also  siepler.  than  in  the  Majority  of  other  radio^navigation  systens. 
the  exchange  of  operating  fregueocles.  which  raises  interference 
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shieldiog#  it  aatss  it  poseiblo  at  «ach  givao  tocgua/ioaant  to  select 
the  frequency,  least  subjected  to  interferences.  The  vock  of  radio 
direction  finders  is  connected  with  short-tern  eiiesion/radiation, 
and  therefore  does  not  cause  the  excessite  charging  of  ether/ester. 

Page  9. 

Finally,  another  navigation  aids  cannot  replace  radio  direction 
finders  in  fields  aentioned  above  of  their  application/use  besides 
navigation  (in  ailitary  science,  in  scientific  investigations,  daring 
the  detereination  of  direction  aboard  the  ship,  signalling  of 
calaaity) . 

Xn  cosparisoa  vith  the  radar  aethods  of  deterainiig  the 
position,  the  radio  direction  finders  possess  considerably  larger 
range.  It  should  be  noted  that  goniosetrical  equipaent/levices  of 
radars  are  based  actually  on  the  sane  principles,  as  ridlo  direction 
finders,  however,  as  a result  of  the  coordination  of  aoti>n  of 
gonioaetrical  equlpsent/devices  with  the  renalnlng  cell/elesents  of 
radar  station,  these  equlpnent/devices  possess  a series  of  specific 
special  faature/peculiarities.  Therefore  gonioaetrical 
equipaent^devices  of  radar  stations  in  this  book  are  not  exaained. 


Initially  radio  direction  finders  were  fulfilled  in  the  range  of 
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■ediua~£raqu«acy  waves  fcos  that  which  is  rotated  by  operator  by 
antennia  (Fraseworr)  aad  with  the  auditory  reading  of  bearing  on  the 
ainlBUB  of  aadibillty. 

SubBogueatly  of  developeeat,  they  ware  directed  toward 
operator's  raleasa  fros  the  rotation  of  antenna  and  the  ceplacesent 
of  the  auditory  reading  of  bearing  by  reading  along  elactroBechanical 
InstruBentr  along  cathode-ray  tube#  in  digital  sigaal  panal.  Bas 
carried  out  research  on  the  reasons  for  the  errors  of  radio  direction 
finders,  were  found  the  neasures  of  their  eliaination.  iare  developed 
the  sore  effective  antenna  systens,  ensuring  large  with  accuracy  and 
the  sensitivity  of  radio  traffic.  Sinultaneously  was  Lipovad  radio 
reception  tachaigne  *>  v«re  isproved  the  indices  of  the  for  sing  pert 
of  radio  lirectioa  finder  receptors  (interferenew  shielding, 
sensitivity,  the  accuracy  of  installation  and  saintanaaca  of 
frequency,  reliability,  etc.). 

In  connectlai  with  the  coaaon/general/total  developaant  of  radio 
enqineecing  and  the  aastery/adoption  of  high  and  ultrahiga 
freguencias,  was  axpaoded  the  frequency  band  of  the  work  of  radio 
direction  finders.  Costesporary  direction-finding  inatallations  work 
In  tbs  range  fros  the  lowest  to  the  highest  freqnencies. 


As  a result^  of  the  sade  investigations  and  developsaats,  the 
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direction  finlars  are  at  present  sufficieDtlp  precision  instrueents. 

Page  10. 

However,  the  accocacy  of  direction  findier  in  ceased  by  a whole  series 
of  the  factors,  connected  with  it  by  itself  and  with  the  effect  of 
the  surroandiag  ob ject/sabjects,  and  also  with  the  conditions  of  the 
propagation  of  electroaagnetic  waves  on  the  way  froa  traninitter  to 
direction  finder.  Therefore  the  indicated  high  degree  of  accuracy  can 
be  provided  only  in  that  case  when  daring  the  practical  use  of  a 
radio  direction  finder  is  given  ap  clear  report  in  the  processes, 
which  occar  in  it,  and  in  the  different  affects,  elected  to  these 
processes.  Thus,  for  the  proper  practical  use  of  a radio  direction 
finder  is  necessary  serious  acquaintance  with  the  theory  of  its  work. 
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page  11. 


Chapter  2. 


PBZNCIPLES  ARD  REtHODS  OP  BADIO  TRAFFIC. 


2.1.  Blectcoeagaat  Ic  field  and  Ita  polacixatlon. 


It  is  known  that  electcoaagaatic  field  is  the  totiliky  of  the 
■Qtaally  connected  electrical  and  aagnetic  fields. 

Elect roaagnet ic  field  of  the  radio  waves,  eaitted  bf  the 
tranasitting  anteana,  is  the  field  of  the  traveling  wave:  the  phase 
of  field  varies  in  proportion  to  to  the  path  of  the  propagation  of 
wave,  and  asplitole  changes  relatively  weakly. 

Any  eaitter  sreates  the  induction  fields  and  eaieaioa/radiation. 
At  close  distance  froa  eaitter  (ssaller  than  the  waveleagth)  there 
are  aainly  fields  of  electrostatic  and  electroaagneti:  induction.  The 
intensity/strength  of  the  first  inversely  proportional  to  the  cube  of 
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dlstai^e  fcoB  aalttec;  the  intensity/strangth  of  th«  sacoad  lavecaely 
propoctloaal  to  the  square  of  distance.  Radiatioo  fiald  is  here 
celatleely  weak. 

■ith  dlstaasa  fcoa  the  eeltter  of  ladaction  field,  rapidly  they 
def^ease  at  a distance,  greater  than  t«o>thcee  savelengths,  Tirtnally 
reaains  one  radiation  field  alone  ehose  intensity /strength  in  free 
space  iotersely  proportional  to  the  first  degree  of  distance  of 
eaitter. 

In  the  cone  af  induction,  in  iaaediate  prozieity  of  eaitter, 
between  the  strength  of  electrical  and  aignetic  fields  is  a phase 
difference,  close  to  90«.  fith  distance  fros  traassitter,  this  phase 
differenca  decreases,  and  in  the  cone  of  eaission/radiation  during 
propagation  in  dielectric  sediuc  (air)  electrical  and  eagaetic  fields 
coincide  in  phase. 

Pago  12. 

During  tha  study  of  procassea  in  radio  direction  finders  os 
interests  as  radiation  field  eben  is  oriented  the  distant  radio 
transaittar,  so  also  the  field  of  the  near  zone  when,  for  einsple,  is 
Iswestignted  sffect  on  the  direction  finding  of  the  adjacent  (to  by 
antenna  to  tha  systes  of  radio  direction  finder)  setallic 
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ob j«ct/sab jects. 

At  lirg«  listtnee  fcoa  eaittvr  (in  the  cone  of 
enissioa/cadiatloa)  tke  vectors  of  the  strength  of  electrical  and 
aagnetic  fields  (I  and  H)  aatually  perpendicalac  aad  pacpendicular  to 
Poyotiag's  vector  (S) , which  characterises  the  direction  of 
propagation  of  elactroaagnetic  energy  (Fig.  2.1).  Oariag  free-space 
propagation  constant-phase  surfaces  ace  the  concentric  spheres  in 
center  of  which  La  located  the  eeitter.  This  wave  he  is  called 
spherical. 

At  large  distances  froa  the  transeitting  antenna  tha  section  of 
constant-phase  surface  near  observation  point  can  be  considered 
plane,  i.a.,  to  consider  wave  as  plane. 

The  strnctara  of  field  is  distorted  near  the  interfaces  (for 
esasple,  the  earth/ground  and  air),  and  also  in  the  prasaace  of  any 
obstructions  or  sacondary  eaittecs:  aountains,  trees,  antennas,  etc. 

The  vectors  of  the  strength  of  electrical  aad  aagnetic  fields, 
renaining  autually  perpendicular,  can  have  different  iicaction.  For 
the  characteristic  of  the  sense  of  the  vector  of  field,  is  introduced 
the  concept  of  polarisation.  The  polarisation  of  elestcoaagnetic 
field  ha  is  called  the  orientation  of  the  electric  field  of  va vp 
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r«l&tlver  to  thft  plana  of  propagation.  Tba  plane  of  propa|ition  ha  is 
called  the  plana,  which  contains  direction  of  propagation  and 
perpendicular  to  the  earth's  surface. 


Can  be  obserted  the  folloaiag  foras  of  polarisation: 

1.  Noraal.  or  is  vertical,  the  polarisation,  when  tha  vector  of 
electric  field  lia/rasts  at  the  plane  of  propagation.  This  case  is 
depicted  on  Pig.  2.2,  where  zp  is  a vertical  plane. 


Pig.  2.1.  Butnal  location  of  vectors  of  alectcoeagnetic  field. 

Page  13. 

2.  Abnoraal  polarltation  when  vector  of  electric  field  coaposes 
certain  angle  with  vertical  earth  referenced  plane*  which  contains 
direction  of  propagation.  A special  case  of  abnocaal  polarization  is 
horizontal  polariration*  when  the  vector  of  electric  fiell  is 
horizontal,  and  the  vector  of  aagnetic  field  is  vertical. 

The  Indicital  in  p.  1 and  2 polarizations  they  are  linear. 
During  any  linear  polarization  electric  field  can  be  decoaposed  on 
two  fields  * vertical  and  horizontal,  cophasal. 

3.  If  between  vertical  and  horizontal  coaponents  of  electric 
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field  is  phase  displacsseat , thsa  is  obtained  rssaltinj  tliptically 
polarized  field.  The  tereinusea  of  the  vector  of  directivity  of  field 
during  the  period  of  high  fregu«icy  describe  ellipse.  The  rotation  of 
the  vector  of  fiald  in  tiae  is  realized  unevenly.  Direction  of 
rotation  depends  on  a phase  difference  the  vertical  and  horizontal 
conponents  of  electric  field,  k special  case  of  elliptical 
polarization  is  circular  polarization,  when  vertical  aad  horizontal 
conponents  are  egual  to  each  other  and  a phase  differanct  is  equal  to 


90®, 
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Pig.  2.2.  Noraal  polarized  electroeagnetic  field. 


Page  14. 

The  strengitii  of  the  electrical  and  aagnetic  fields  of  plane 
electronagnetlc  wsve  in  the  general  case  of  elliptical  polarization 
it  is  possible  to  ezpcess  bp  the  forsalss: 

E = («.Eu  f /r.Er)  c'*c ^ 

Tl  = {-i7t,Hu  +Vjf„)  ’ 

where  Qq  tnd  * ^^4  unit  vectors*  which  characteriee  the  direction 
of  the  large  tad  sinor  axes  of  the  ellipse  of  the  polarixatioa  of 
electric  inteasitf; 
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Hu,  H«,  A/u,  A/,  — ?•!«•  of  the  large  aad  saaiaiBor  ares  of  the  ellipee 
of  the  poLacisitl>n  of  electrical  and  aagnetic  fields  (fig.  2.3): 

a ' save  nuaber  (a  « 2v/X  in  free  space)  ; 

r and  b • tha  polar  coordinates  of  the  point  in  guastioa» 
relative  to  the  origin  of  coordinates; 

<>  — the  phase  in  the  beginning  of  coordinates; 

8 - the  angle  of  the  direction  of  propagation  of  vive  with 
initial  reference  line  (azianth,  bearing)  ; 

fi  • the  angla  of  the  slope  of  a front  of  save  (fig.  2.8), 
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Pig.  2.4.  idoptei  daslgoations  of  coordinates. 

Kay:  (1).  Dicactlsn  of  propagation. 


Paga  15. 

Blliptically  polarized  wave  can  be  presented  &s  saa  it  two 
linearly  polarisa)  waves;  in  the  plane  ot  propagation  (F.„.  H^)  it 

is  parpendicolar  to  it  H„) 

i - (^E. + c:.^) 


where  n is  the  enlt  vector#  which  lies  at  the  plane  of  propagation 
and  perpendicular  to  direction  of  propagation; 

a - the  unit  vector#  perpendicular  to  the  plana  ot  propagation; 

E„,  E^,  H„,  H the  corresponding  conponants  ot  eleotclctl  and 
aagnatlc  field; 


'I'a—  phase  displacewent  between  tha  nornally  and  ahaornally 
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polarized  coeponaate* 

The  angla,  caepased  by  the  direct ioa  of  the  tcaasverse  of  the 
polarization  of  electric  field  with  the  plane  of  propagation,  he  is 
called  the  angle  of  polarization  y. 

The  coepoeeac  of  electric  field,  which  lies  at  tha  plane  of 
propagation  En.  can  be  decoaposed  on  two  conponents:  yertical  B.  and 
horizontal  Ex  in  the  plane  of  propagation.  If  9 > 0,  i.e. , if 
direction  of  propagation  coincides  with  Z-azis,  we  will  obtain 
following  coaponaite  along  the  ates  of  the  coordinates: 

vertical 

E,  = cos  ? I cos7)*  + (ErSin  Y)'  E„  cos  ft; 

horizontal  in  iicaction  of  propagation 


Ex  — sin  ? K(E„  cosy)’ (Ep  sin  Y)’  — E„  sin  ji; 

horizontal,  pecpaadicalar  to  directioa  of  propagation 


Page  16. 


E,  = ' '(EuSin  y)'-)-(ExCosy)’  = Ej^. 
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2.2.  Principles  of  radio  traffic 


Bzaalning  expressions  for  the  strength  of  the  field  of  plaae 
wave  (2.2)  and  (2.3),  ee  see  that  the  sense  of  the  vector  of  field 
and  the  phase  of  the  strength  of  field  depend  on  the  aagla  of  arrival 
of  wave,  the  use  of  these  dependences  eahes  it  possible  to  carry  out 
radio  traffic. 

For  deteraialng  the  sense  of  the  vector  of  the  fields,  it  is 
possible  to  utilize  an  electrical  or  magnetic  dipole,  practical 
fulfillseat  of  which  is  the  short  vibrator  or  the  franavork  of  snail 
size/disensions.  kevolving  dipole,  we  will  obtain  the  tailaas  of  esf 
in  it,  whin  its  axis  coincides  with  the  direction  of  the  transverse 
of  the  polarization  of  the  strength  of  electrical  or  lagaatic  field 
for  electrical  and  aagnetic  dipoles  respectively.  The  ainiaue  of  eaf 
will  be  obtained,  when  the  axis  of  dipole  is  parallel  to  the  sinor 
axis  of  the  ellipie  of  polarization.  Howaver,  the  direction  of  the 
axes  of  the  ellipse  of  polarization  depends  not  only  on  direction  of 
propagation,  but  also  on  the  angles  of  the  slope  of  a front  of  wave 
and  on  tha  angle  of  polarization. 

Only  if  the  angle  of  the  slope  of  a front  of  wave  S is  equal  to 
zero  either  the  angle  of  polarization  y it  is  equal  to  0^  or  90^,  is 
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possible  ercor~fc«e  dlcectioD  finding  with  the  aid  of  dipole.  In  the 
first  case  O ■ 0|  the  direction  of  propagation  coincides  with 
perpendicular  to  the  horizontal  ails  of  the  ellipse  of  poLarization. 
In  the  sesood  case  (r  ” 0 or  y « 90*)  the  diroction  of  propagation 
coincides  with  perpendicular  respectively  to  the  vector  of  the 
eagnetic  or  electric  field  of  elec troaagne tic  wave. 

Research  on  radiowave  propagation  is  led  to  the  conclusion  that 
under  specific  conditions  (for  ezaeple*  during  the  propagation  of  the 
terrestrial  wave  above  the  well  conducting  surface)  is  provided  by  an 
angle  of  polarization*  close  to  zero.  In  this  case*  the  victor  of 
electric  intensity  is  vertical*  the  vector  of  aagnetlc  intensity 
horizontal  and  for  direction  finding  can  be  used  aagnatic  dipole* 
i«e.*  the  frasewock*  Perpendicular  to  the  axis  of  dipole  with  the 
ainieua  of  signal  coincides  with  direction  of  propagation.  An  antenna 
of  this  type  finds  wide  application*  especially  on  the  nallua  and 
long  waves  with  which  the  polarization  In  sany  instancas  is  norsal. 

It  is  necsssary  co  note  that  daring  appearance*  on  the  strength  of 
the  conditions  of  propagation*  abnorsal  polarization  tna  licoction 
finding  to  the  frasewock  will  be  accospanied  by  the  errors  which  are 
called  polar izational  and  in  aore  detail  they  are  ezaainal  in  chapter 
«). 


Page  17 
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Stable  poIacLzatlon  at  aa  angle  of  90^  (T  * 90^),  when  electric 
iotensity  is  horizontal.  Is  observed  relatively  rarely.  Only  in  thesa 
cases  electrical  borisontal  dipole  can  be  used  for  radio  direction 
finding. 

The  phase  of  the  strength  of  field  also  depends  on  paraeeters 
enaeeratel  earliac  (azieuth,  the  angle  of  the  slope  of  a front  of 
wave,  angle  of  polarizations) whose  separate  deterainatLon  according 
to  observed  data  in  a single  point  is  ispossible.  The  aeasaresent  of 
the  phase  at  several  points,  which  requires  the  application/use  of 
the  diversity-recaption  antennas,  aakes  it  possible  to  coipose  the 
systee  of  eqaatioas  whose  solution  gives  the  values  of  all  indicated 
paraseters  of  elect roaagnetlc  field. 

The  nueber  of  paraneters  and  at  the  ease  tine  the  nuaber  of 
necessary  aeasucaaents  decreases,  if  we  detersine  the  strength  of  the 
field  of  the  detereined  polarisation.  Por  this  purpose,  sensing 
devices  of  radio  lirection  finders  are  designed  for  the 
recept ion/procedar e only  of  one  of  field  cosponents,  usually  vertical 
coeponents  of  electric  field. 

The  sxceptioa/elieinatioa  of  the  reception/procedare  of  the 
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sftcond  (horlxont&l)  coaponxnt  of  aloctric  fialO  tecbniotlly 
coapllcateOl;  and  Ylrtuall;  entlcelf  is  not  caachad. 
raaanant/refliilaal  cacaptlon/procedura  of  the  kocicoatal  saaponent  of 
alactrlc  flald  lands  to  the  actors  which  aca  also  called 
polaclzational.  Oaa  should  aaphasize  the  diffatanca  in  tha  'reasons 
for  polarizational  errors  with  direction  finding  with  the  aid  of  the 
fraaeaork  and  with  the  aid  of  the  spaced  anteanass  ia  tha  first  case 
the  polacisational  errors  are  characteristic  to  operating  principle, 
in  the  second  thejr  are  the  conseguence  only  of  the  iaaleguacy  of 
f ulf lllsen t. 

In  this  chapter  ve  will  consider  the  action  only  of  vertical 
cospooent  of  the  electric  field 

In  sany  instances  the  propagation  of  wave  froa  transaitter  has 
the  Bultipleopronged  charactec:  besides  direct  wave  ara  propagated 
the  waves,  reflected  froa  the  different  layers  or  heterogeneity  of 
ionosphere  or  the  troposphere,  and  also  the  wave,  reflected  froa  the 
earth/gronnd , froa  different  return  eaittecs,  which  are  located  on 
greater  to  silt  saaller  distance  froa  dicectloa  findac  and,  etc. 


Page  18 
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The  resalting  intscCecence  field  is  sun  H of  the  coherent  vaaes 

I 1 

Bach  wa?e  is  skaractecised  foar  bf  iadepeadeat  paraaetara  (fm.  j^<,  6.), 
and  Interference  field  as  a whole  by  4 H paraaetars.  iiplitada  and 
the  phase  of  field  of  one  of  the  waves  can  be  accepted  acbitcacy  for 
the  coaparisoB  with  thee  of  other  waves,  then  it  is  re]aired  to 
deteraine  aii>2  tka  unknowns  of  the  paraaatec.  Bach  antanaa  provides 
inforaation  about  aaplitude  and  the  phase  by  induced  in  it  eaf.  ace 
possible  only  relative  aeasureaents  of  aaplitude  and  pkasa  relative 
to  aaplitude  and  phases  of  one  of  the  antennas.  Therefore,  having  n 
of  antennas,  we  obtain  2 (n  - 1)  the  results  of  eeasureaent.  Knowing 
the  locations  of  antennas,  we  can  be  2(n  - 1)  the  eguations,  which 
relate  tha  paraaatecs  of  waves  with  aaplitudes  and  phases  of  the 
Stresses  in  antennas.  Bquallting  the  nuaber  of  unknowns  to  the  nuabec 
of  equations,  we  obtain 

2(/j— 1)=4  A'— 2 (2.6) 


or 


n *=  2 A. 


For  tha  separate  deteralaation  of  the  pacaseters  of  all  incident 
waves,  the  nuaber  of  antennas  anst  be  equal  to  the  doublal  nuaber  of 
waves.  This  direction  finder  will  ensure  the  error-free  detecaination 
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of  direction  and  angle  of  incidence  in  each  of  the  coaponant  waves. 
For  the  productisn  of  radio  direction  finder  according  ta  this 
principle  besides  by  the  antenna  of  systaa  froa  the  necessary  nnabec 
of  antennas  are  required  the  very  coaplez  receiving  and  coaputers, 
intended  for  the  solution  to  the  indicated  equations,  per  this  reason 
up  to  now,  there  Is  no  radio  direction  finder,  which  in  practice 
realizes  the  gives  operating  principle.  Ill  the  existing  radio 
direction  finders  according  to  operating  principle  are  designed  for 
the  direction  finding  of  one  wave.  Bhen  on  this  "single-wave"  radio 
direct-ion  finder  operates  the  coaposite  field  of  several  waves, 
appear  the  errors,  called  interference  and  exaaine/consldsred  in 
chapter  6. 

Page  19. 

In  slngla-wave  radio  direction  finder  the  required  taaber  of 
antennas  is  greater  than  deterained  by  foraula  (2.6).  This  is 
explained  to  the  facts  that  with  the  incidence  of  only  wave  the 
aaplitude  of  the  strength  of  field  and,  therefore,  aaplltnde  of  eaf 
in  antennas  in  all  aeasuring  points  are  Identical  and  the  data  on 
then  cannot  be  ussd.  we  obtain  possibility  to  coaprise  only  (n  *-  1) 
equations  according  to  the  results  of  the  relative  aeasuraaents  of 
phase.  Tht  noaber  of  uaknowns  is  equal  to  two  (0  and  9).  Hence  it 
follows  that  for  the  direction  finding  of  one  wave  (I  « 1)  is 
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required  not  less  thas  three  notionless  antennes*  The  njiber  of 
anteanss  of  radio  direction  finder  frequestly  eaceeds  the  theoretical 
ainisuB.  Surplns  tntennas  sake  it  possible  to  sispliff  the  technical 
fulfillsent  of  radio  direction  finder  and  to  Isprove  its  Indices: 
sensitivity*  interference  shielding*  iastrusentAool  accnracy*  etc. 

Since  in  the  process  of  direction  finding  is  nsuallf  of  Interect 
only  aziauth  of  incident  wave,  it  is  possible  to  search  for  the 
aethod  to  decrease  the  required  nueber  of  antennas,  ezcluding  the 
possibility  of  the  detersination  of  high^altltnde  angle  Froa 
foraula  (2.4)  it  Is  evident  that,  accepting  the  phase  of  field  in  one 
of  the  antennas  of  the  equal  to  zero  and  revolving  the  second 
antenna*  it  Is  possible  to  find  this  value  of  the  angle  A - (#  « v/2 
* 8)  at  which  and  the  phase  of  field  for  the  second  antenai  is  turned 
into  zero  Independently  angle  of  the  slope  of  a front  of  wave  0.  in 
this  case  of  the  sufficiently  two  rotatable  antennas  for  the 
detersination  of  bearing;  however,  without  the  possibility  of 
dstersiniog  tha  hLgh*altitude  angle.  Direction  finding  actually  is 
reduced  to  the  daterainatlon  of  the  directioa  of  the  lines  of  the 
identical  phases  of  the  field  perpendicularly  to  which  La 
arraoge/located  tcansaitter. 


The  angla  of  the  slope  of  a front  of  wave  under  ooraal 


conditions  is  changed  within  not  wide  liaits  near  0,  If  wa  consider 
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angle  fi  kBovo»  aCtar  accepting  foe  it  certain  average  valae*  is 
poealble  direction  finding  to  two  aotionleas  aateanaa#  eiaee  tlie 
nuabec  of  unknown  paraaeters  is  reduced  to  one  However,  the  actual 
value  of  angle  p can  differ  froa  that  which  was  accepted  lacing 
calculation.  Because  of  this  appear  the  ecroce  in  the  detaraination 
of  bearing,  which  obtained  the  designation  of  hlgh-altltai e. 

He  exaained  the  field  of  single  electroaagnetic  wave  with  the 
stable  paraaeters. 

Page  20. 

Under  the  actual  sonditions  of  cadiowave  propagation  with  reflection 
froa  "rough"  ionospheric  layers  or  due  to  the  effect  of  the 
troposphere  the  value  and  the  phase  of  field,  its  polaricttion , the 
angle  of  the  slope  of  a front  of  wave  and  the  direction  of  arrival 
vary  around  average  value.  A wave  of  such  type  can  ba  soasidered  as 
wave,  which  has  the  angular  spectrua,  i.e.,  as  totality  or  the  beaa 
of  waves  with  the  different  directions,  which  are  uanally  placed 
within  tha  liaits  of  aaall  angle.  Since  radio  direction  finders  of 
the  type  exasinel  above  cannot  solve  separate  coapoaent  waves,  their 
readings  cocrespoid  to  the  result  of  the  effect  of  all  altaentary 
waves,  i.a.,  give  errors.  Errors  oscillate  in  the  course  of  tiee  in 
accordance  with  the  fluctuations  of  paraaeters  of  coaplax  wave. 
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iaalogouB  errors  sre  characteristic  to  the  sultivave  cadio  direction 
finder  which  solves  separate  discrete  waves,  bat  it  caaiot  solve  the 
continuoas  angular  spectrua  of  scattered  bean.  Errors  of  this  type 
also  ace  related  to  interference. 

After  f eed/condacting  result,  it  is  possible  to  astihlish  that 
according  to  operating  principle  the  radio  direction  finders  are 
f subdivided  into  the  following  groups: 

t 

a 

1.  Radio  direction  finders  with  the  single  rotatanln  dipole 

^ (virtually  usualLy  frasowork).  These  radio  direction  finders  are 

sabjelcted  to  polar izational  errors. 

2.  Radio  direction  finders  with  two  rotatable  antenais. 

3.  Radio  direction  finders  with  two  aotionless  anteaias.  These 
radio  direction  finders  are  subjected  to  high-'dltltude  errors. 

4.  Radio  direction  finders  with  slngle^wave  type  three  or  sore 
■otionjless  antennas. 

All  the  enuaarated  direction  finders  are  subjected  to 


interfereace  errors 
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5,  Ha  It  ilia  v»  typa  radio  dicactlon  finders. 


2.3.  Oire: tioo-finding  aethods. 


During  use  far  deterainiag  the  bearing  of  several  aatennae 
acrange/locatad  at  the  diverse  points,  the  inforaation  about  bearing 
is  contained  in  the  phases  of  the  strength  of  field  ani,  therefore, 
in  the  phases  of  aaf,  induced  in  antennas.  It  is  possible  to 
distinguish  tvo  aethods  of  processing  this  inforaation. 

Page  21. 

*lth  the  ficit  aethod  of  the  voltage  of  separate  antennas  of  up 
to  supply  to  the  Input  of  receiver-naplif ier  device,  they  are 
coebined  so  that  althor  the  carrier  aaplltude  of  the  resulting  stress 
or  the  paraseters  of  the  amplitude  aodulation  (depth  or  the  phase  of 
aaplitude  aodulation)  of  the  resulting  stress  are  the  function  of 
bearing.  The  det^  aination  of  bearing  is  conducted  by  tne  aeasuceeeat 
of  aaplitude  or  pacaaetecs  of  the  aaplitude  aodulation  of  the  output 
voltage  of  receiving  indicator.  The  radio  direction  finders,  which 
operate  using  this  aethod,  they  ace  called  aaplitnde.  another  aethod 
of  detecaining  the  bearing  is  based  on  the  applicntion/use  of  phase 
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•easareients.  Th3  radio  direction  finders  in  which  is  used  the 
neasureaeat  of  the  phase  of  high-frequen:y  oscillatioas*  they  ace 
called  phase. 


hnplituda  direction-finding  netbode*  Let  us  exaaioe  the 
application/usa  of  aaplitode  eethods  in  the  ease  the  ase  of  the 
rotatable  antenna  with  (fraaework.  two  diverse  fraaewock*  two  and 
Bore  spaced  anteoias,  the  coablnations  of  the  fcanework,  and 
antennas).  The  resulting  voltage/stress  by  the  antenna  of  systea 
depends  oa  the  direction  of  incident  wave,  i. e.. 


U=-.Ef(0.  ?). 


{2  7) 


The  dependence  of  oatpot  potential  by  the  antenna  of  systea  froa 
the  direction  of  the  arrival  of  wave  he  is  called  directional 
characteristic  of  antenna,  and  its  graphic  representation  - by 
radiation  pattern.  Is  is  coaaonly  used  standardized/nocealized 
directional  characteristic 


f(0. 


1(9.  t) 

MSHP  (Of  P)  * 


(2.8) 


where  fne,,c  (0.  ?)— the  aaziBua  valua  of  directional 

characteristic. 


Figures  2.5  and  2.6  as  an  exaaple  gives  different  radiation 
patterns  in  horizontal  plane  (i.e.  with  ^ > 0) , preseatal  in 
Cartesian  aad  polar  coordinates.  Figures  2.5a  depicts  la  polar 

ooordiaatss  widsapread  directional  characteristic 

/^('0“cos0.  (2.<i) 
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Page  22. 

In  foca  of  iaage  this  characteristic  calls  the  "dlagraa  of  eight".  On 
Fig.  2.5br  this  sane  the  characteristic  is  depicted  in  rectilinear 
coordinates. 

On  Pig.  2.6a  and  b,  is  depicted  acute/sharper  radiation  pattern 
in  polar  and  rectilinear  coordinates. 

For  detecnining  bearing  antenna  systea  they  reaolva^  observing 
output  voltage.  It  is  possible  to  distinguish  two  nethods  of  the 
rotation: 

1)  the  rotation  of  antenna  of  up  to  obtaining  of  aiaiaua  or 
■axinun  of  output  voltage,  after  which  it  is  conducted  the  reading  of 
bearing  on  antenna  position; 

2)  the  long  cunning  of  antenna. 


Let  us  call/naae  the  first  aethod  nountlng  nethod  oa  bearing 
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L«t  ufi  dlsasseable  it  in  aoce  detail.  The  cotatioo  of  antanna  can  be 
realized  by  hand  by  the  operator  vho  finds  bearing  on  audibility  in 
telephone  (auditory  direction  finding)  ur  froa  readings  of  visaal 
display  (visual  nonautonatic  direction  finding). 
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Pig.  2.6.  Directional  characteristic. 


Page  23. 

As  indicator  are  applied  the  dial  instruaent  or  the  cathode-ray  tube. 
Botation  can  ba  raalized  also  autooat icall y with  the  aid  of  the  power 
drive,  controlled  by  the  output  voltage  of  radio  diractiop.  finder. 

In  woric  for  audition  deter aination  of  direction,  they  produce  on 


DOC  • 77223202 


PAGE  ^ 

the  niniaui  (disappearance)  of  audibility  in  telephone,  but  not  on 
■axieuB,  since  the  first  aethod  is  considerably  sore  precise. 
Actually,  with  direction  finding  with  respect  to  the  nininue,  the 
▼ery  snail  (order  0.5-3<>)  divergence  of  antenna  froa  the  position  of 
zero  reception/procedure  already  causes  the  appearance  of  conpletely 
noticeable  audibility  in  telephone.  Near  aaxiaun  the  audibility 
changes  nuch  more  slowly  and  is  possible  sufficiently  considerable 
divergence  froo  the  position  of  the  true  aaxiaue  of 

recept'ion/pr ocedure  before  we  will  note  a change  in  sound  intensity. 

Let  us  exanine,  for  exanple,  the  use  of  cosinusoidal  directional 

characteristic.  It  is  experiaentally  establiah/instaliad  that  on  the 

% 

aiddle  ear  notes  a change  in  sound  intensity.  Let  us  exanine,  for 
exanple,  the  use  of  cosinusoidal  characteristics  of  directivity.  It 
is  experiaentally  establish/installed  that  on  the  aiddle  tar  notes  a 
change  in  the  audibility  to  7-8o/o.  This  difference  we  will  obtain 
near  the  naxieua  when  cos  9 becoaes  equal  to  0.92*0.93,  which 
corresponds  to  angle  of  23*21®.  Consequently,  having  only  gone  away 
froa  naxiauB  to  tie  angle,  greater  than  20®,  we  will  note  a change  of 
the  audibility  in  telephone. 

Besides  the  deter eination  of  bearing  for  audition  froa  tba 
aininuB  of  radiation  pattern,  there  is  another  auditory  atthod,  baaed 
on  the  coaparison  of  audibility  in  two  positions  by  the  rotatory 
antenna  of  systea  or  during  switching  by  the  antenna  of  systea. 
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coabined  with  the  onnld irectional  aotenna. 

The  slaplest  dlagcaa  of  the  realization  of  coapacison  aethod  is 
represented  on  Pij.  2.7.  Two  Fraaework  fundaaental  fraaavork  A and 
auxiliary  B ace  acrange/located  autually  perpendicularly  and  ace 
attached  on  one  axis.  Baf  froa  fraaework  B of  switch  by  switch  D. 
Direction  finding  consists  in  the  rotation  of  both  fraaework  and  in 
the  deteraination  of  such  position  by  which  switchings  of  switch  D do 
not  chrange  intensity  of  reception. 

On  Pig.  2.8  dotted  lines,  gave  the  radiation  patterns  of 
fraaework  A and  B.  As  heavy  and  fine/thin  solid  lines  ace  depicted 
total  radiation  patterns  in  two  positions  of  switch  D. 

Page  2U. 


According  to  the  saee  law  will  change  the  audibility  at  the 
output  of  receiver  during  the  rotation  of  the  fraaework.  The  poaition 
of  the  fraaework,  in  which  the  indicated  switchings  3o  not  change 
audibility,  corresponds  to  direction  3-4,  when  the  plane  of  fraeework 
B to  the  perpendicular  of  the  location  cf  radio  tranaeittar  (1->2). 
Then  there  is  no  rece ptlon/pcocedure  to  fraaework  B.  The  direction  of 
the  inconing  electroeagnetic  wave  is  detereined  in  tbia  case  hy 
perpendicular  to  the  plane  of  fraaework  B.  On  the  dial/liab  of  radio 
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direction  finder,  lust  be  counted  off  the  angle  between  the  Initial 
reference  line  and  this  perpendicular.  Audibility  will  not  change 
also  in  the  position  of  the  fraeeworlc  along  directions  1 and  2,  i.e., 
in  the  absence  of  ceception/pcoceiure  in  f cane work  A.  this  could  lead 
to  the  possibility  of  bearing  error  to  90o.  Virtually  this  aabigoity 
is  renewed  by  the  facta  that  franework  B ace  taken  with  the  larger 
effective  height  than  A;  therefore  audibility  with  accurate  bearing 
is  less  than  with  erroneous  bearing.  Praaewock  B one  should  take 
greater  size/diaensions  than  fraaework  A,  and  for  an  incraasa  in  the 
accuracy  of  reading  (see  § 2.7). 

S 

Instead  of  the  auxiliary  fraacwork-e,  it  is  possible  to  use  the 
oenidirectional  antenna  whose  eef  coincides  if  phase  with  aaf  ftos 
the  fraaework.  Eaf  of  the  fraaework  or  antenna  is  changed  over  during 
direction  finding.  Direction  finding  consists  in  the  detecnination  of 
the  position  of  the  fraaework,  by  which  the  audibility  at  the  output 
of  receiver  is  not  changed  during  switchings. 
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Pig.  2.7.  Pig.  2.8. 

Pig.  2.7.  Diagcaa  of  the  realization  of  coaparison  aathod. 

Key:  C^)  • 7o  receiver. 

Pig.  2.8.  Radiation  pattern  during  switching  of  the  fraanvork. 


Page  25. 

Between  the  aaplitudes  of  eaf  of  the  fraaevork  and  antenna* 
there  can  be  in  pcinclple  any  celationship/ratio.  Let  us  assuae  that 
the  value  of  eaf  of  the  changed  over  antenna  is  equal  to  eaxinae  eaf 
of  the  fraaework.  Then  the  resulting  radiation  pattern  will  be 
obtained  as  on  Pig.  2.9*  on  which  by  fine/tbio  solid  line  ia  shown 
the  antenna  radiation  pattern*  by  fine/thin  dotted  line  - the 
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cadlatiop  pattern  of  the  fraaework.  By  haavy  broken  and  snlld  linas 
are  shown  the  resilting  diagraas  in  two  positions  of  switch  D.  As  can 
be  seen  fcoa  Fig.  2.9,  the  value  of  resulting  eaf  is  not  changed 
during  switchings  D,  when  the  fraaework  is  directed  lengthwise  0^  and 
Ob,  i.e.*  when  the  plane  of  the  fraaework  is  perpendicular  to 
direction  in  radis  station.  This  is  considered  during  the  orientation 
of  the  kraaework  and  dial/liab  in  the  indicated  systea. 

During  aanual  unit  on  bearing  according  to  instraaent  (visual 
for  nonautoaatic  unit  is  aost  expedient  to  utilize  coaparison  aethod. 
The  voltage,  obtained  as  a result  of  switchings,  is  aodulated. 
Utilizing,  for  exaaple,  radiation  pattern  of  the  conbination  of  the 
antenna  and  framework,  as  on  Pig.  2.9,  we  see  that  in  position  Oa  the 
voltage  during  one  half-period  of  switching  will  be  propoctional  04, 
and  during  the  second  - is  proportional  03.  This  is  represented  on 
Fig.  2.10.  Radio  frequency  voltage  is  nodulated  and  has  rectangular 
envelope.  In  position  Ob  (Fig.  2.9)  the  depth  of  aodulation  is  equal 
to  zero,  since  voltages  01  into  both  half-periods  switchisgs  are 
equal  to  each  other.  During  the  divergence  of  antenna  to  the 
position,  syssetrical  Oa,  we  will  obtain  the  saae  depth  of  aodulation 
as  in  Oa,  but  with  the  inverted  phase.  It  is  easy  to  see  that  the 
depth  of  aodulation  is  the  function  of  angle  of  rotation.  Onit  with 
the  antenna  of  systea  on  bearing  produces  on  ainiaua  (zaro)  of  the 
depth  of  Bcdulatlon. 


DOC  > 11223202 


PAGE  -M- 


w\ 

^ ! f 

i 

'i  f 

i 

i ' 


V-i 


f 


ij 


Fig.  2.9.  Radiation  pattern  of  sfstea  froa  the  fraaevork  and  the  open 
antenna. 

Page  26. 

In  visual  radio  direction  finders  at  the  output  of  receptor*  is 
included  the  indicator  according  to  readings  of  vhich  the  operator 
deteraines  the  antenna  position*  which  corresponds  to  the  ainleue  of 
the  depth  of  eodulation.  In  the  autoaatic  direction  finders  the 
folloeer  with  the  aid  of  the  power  drive  turns  antenna  in  the 
position*  which  corresponds  to  zero  eodulation.  Besidea  9]nace->wave 
BOdulation  can  be  obtained  sinusoidal  aodulatiop. 


Direction  finding  on  aaxiaua*  as  was  noted  above*  with 
cosinusoidal  radiation  pattern  is  isprecise.  However*  with 
sufficiently  acute/sharp  radiation  pattern*  This  sethod  of  direction 
finding  becoaes  possible.  Specifically*  on  ultra  short  waves  it  is 
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easy  to  parfora  antenna  systei  vith  this  acota/sharp  radiation 
pattern  that  the  licection  finding  on  naxlnun  will  ba  sufCiciantly 
precise. 

Let  os  exaaine  the  second  aethod  - vith  the  long  ruaaiag  oC 
anteanja.  In  the  radio  direction  finders,  working  using  this  aethod, 
the  Voltage  proves  to  be  aodulated  depending  on  the  fregaencf  of  the 
rotation  of  antenna*  Actually,  if  angular  freguency  3,  then 

and  the  voltage  of  antenna  is  proportional  to  directional 
characteristic 

i.  e* 


u^U  — 9)* 


(2.10) 
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Pig.  2.10.  Additixi  of  the  voltages  of  the  fraBewoch  aad  antenna. 

Key:  (1).  Baf  froi  the  fcanewotk.  (2).  Eaf  froa  antenna.  ( 31  . They 
will  close  coat.  (4).  Sun  of  eaf  of  the  fraaevorlc  and  antenna. 


Page  27. 

Expression  (2.10)  represents  nodulated  voltage,  aoreover  the  phase  of 
aodulation  curve  is  deterained  by  bearing  9.  At  the  output  of 
receptor,  is  switch ed  on  the  instruaent  according  to  which  is  counted 
off  the  pheise  of  aodulation  freguency,  which  corresponds  to  bearing. 
Thus,  radio  direction  finders  with  the  long  running  of  antenna  ace 
autoaatic,  i.e.,  aaking  it  possible  to  directly  count  off  bearing 
without  observer's  any  operations.  They  are  called  phase-setec. 
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Let  us  tucn  now  to  radio  direction  finders  with  eotioDless 
antennas.  Let  us  exaaine  the  siaplest  antenna  aystan  of  four  vertical 
wire  antennas  » (Piq.  2.11). 


FOOTNOTE  The  application/use  of  four  antennas  instead  of  three 
antennas,  the  niniaun  nuaber,  sinplifies  exanination.  As  has  already 
been  indicated  that  for  an  inprovenent  in  the  secies  of  the  indices 
of  direction  findar,  is  applied  a lar'^''r  nunber  of  antennas. 
ENDFOOTNOTE. 


Antennas  1,  2,  3,  U are  arrange/located  in  the  apex/vecteies  of 
square,  direction  of  one  of  the  diagonals  of  square  with  antennas  1>3 
coinciding  with  the  initial  reference  line  of  bearing. 

Let  us  designate:  hr-  acting  height  of  antenna;  2h  - the 
separation  of  opposite  antennas  (corner  dlaseter)  ; the 

initial  phase  of  field  at  the  center  of  systen. 

BBf,  induced  in  antennas,  in  accordance  with  (2.  A)  will  be 

ly  — [^/j  g/ c™*  ft"  ?i  ' 

(2,11) 

ly  _ (T/j  g/  r<..  t rii. 
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Fig.  2.11.  Antenna  location. 

Page  28. 

The  differential  voltages  of  opposite  antennas  to  sex/fl^or  ace 
^ expected  equal  to 

-0,  = /2i:/i,c'* sin  (m<> cos? ccw'J).  (2.12) 

0^^  — 0,  — C\  = /2E/i,c**sin  (ffi6cos?sin0).  (2.13) 

Me  obtain  two  voltages  of  the  identical  phase  whose  aaplitude  depends 
on  beating  9 and  on  the  angle  of  the  slope  of  a front  of  wave  8>  Hitb 

the  aid  of  the  appropriate  coeputer  it  is  possible  to  deteceine  by 

li 

the  obtained  two  voltages  both  angles  9 and  Victoally  in  this 
type,  radio  direction  finders  is  applied  a seall  separation  of 
antennas  in  coaparison  with  wavelength  42b  < X) , since  with  a snail 
separation  is  siaplified  the  procedure  of  the  detersination  of 
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baariog.  Purtherasce,  with  large  separation  the  solatloa  to  equations 
(2.12)  anl  (2.13)  proves  to  be  aany-valued.  Taking  into  account  a 
snail  separation,  in  both  expressions  sines  can  be  replaced  with 
argunents.  Than 

0,,  /2/»,Ee^*/nAcospcosO,  (2.12') 

(j^,<  = /2A,.Ec^*mAcospsin8.  (2.13') 

Replaceaent  of  sines  by  argunents,  strictly  speaking,  it  is 
pernis^ible  only  with  the  negligibly  low  values  of  arguaeats.  During 
an  increase  in  tha  argunents  of  express.ion  (2.12*),  (2.13*)  they 
becone  inprecise  and  the  obtained  on  then  subsequently  bearing  is 
acconpanied  by  the  error  which  is  called  the  error  of  separation.  The 
naxinuB  peraissible  errors  of  separation  linit  the  distance  between 
antennas  in  radio  direction  finders  of  the  type  in  question. 

For  deterninlng  angle  e in  accordance  with  (2.12*),  (2.13*)  can 
be  used  two  net  hods.  The  first  net  hod  consists  in  the  fact  that 
between  antenna  systea  and  the  receiver  is  included  the  gonioneter, 
which  consists  of  two  ootionless  field  coils  and  one  revolving  search 
coll. 


Antennas  1-3  and  2-4  are  connected  with  the  aid  of  feeders  to 
two  Botionless  Butually  perpendicular  field  coils  I,  of  II 
gonioaeter.  Vithio  field  coils  rotates  third  search  coil  of 
gonioneter,  connected  to  the  input  of  receiver. 
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Page  29. 

The  appearing  under  the  effect  of  the  differential  voltages  Do 
and  currents  and  created  by  then  in  field  coils  X and  II  nagnetlc 

fields  //i  and  //,,  are  proportional  to  differential  voltages, 

vbere  k,  and  k:-  the  proportionality  factors,  vhich  depend  on  the 
paranetere  of  gonioneter  and  antennas. 

The  resulting  aagnetic  field  in  goaioaeter  is  egaai  to  vector 
sua  of  fields  Hi  and  Hn-  let  us  assuae  that  the  curreats  in  both 
coils  I and  II,  and  also  the  created  by  then  aagnetic  fields  Hi  and 
till  are  located  in  phase.  Then  the  vector  of  the  resulting  aagnetic 
field  in  value  anl  direction  will  be  detereined  by  the  diagonal  of 
rectangle  (Pig.  2.12). 

Magnitude  of  vector  the  resulting  aagnetic  field  is  expressed 

H = 4-  OB'  = 

= + sin'fl. 


(2- 14) 
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Pig.  2.12.  Additiso  of  BagDetic  Cialds  in  goaioMter. 


Key:  41).  searchiog  coil. 


Page  30. 


Consequently*  vhen  Baking  these  assuaptions  the  Bagnatic  field 
strength  vithin  gonioBeter  on  depends  on  the  direction  of  incident 
wave.  Direction  of  the  aagnetic  field  ccaposes  with  standard  to  the 
plane  of  the  first  field  coil  of  I gonioaeter  accurately  the  sane 
angle  f,  which  coa poses  the  direction  of  the  arrival  of  wave  with  the 
plane  of  antennas 

If  one  assuBes  that  field  within  gonioaeter  unlfoci*  then  of  eaf /T 
induced  in  search  coil,  will  be  proportional  to  the  resulting  field 
U,  aultiplied  by  sin  ( ^ a),  where  a is  the  angle  between  the 
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standard  to  the  plane  of  the  first  field  coll  and  the  pltae  of  search 
coil,  calculated  according  to  the  scale  of  goaioeeter;  (F  - a)  - the 
angle  between  the  plane  of  search  coil  end  the  direction  of  the 
resulting  aagnetic  flei  (Pig.  2. l.e. 

(2.16) 

where  k - the  proportionality  factor,  depending  on  the  piraaeters  of 
gonioaeter. 

In  gonioeetric  to  systea  instead  of  the  pairs  of  spaced  antennas 
1-3  and  2-u  it  is  possible  to  use  the  fraeewock.  Rithout  being 
stopped  here  on  the  theory  of  the  action  of  gonioeetar  which  is 
eiaained  in  detail  in  chapter  3,  let  us  note  that  zero  aatput  voltage 
are  obtained  froa  (2.16)  during  the  rotation  of  search  coil  through 
angle  a ^ This  position  of  search  coil  gives  directly  the  reading 
of  bearing.  The  process  of  direction  finding  in  gonioaatric  systea  is 
obtained  by  the  saae  as  with  direction  finding  by  aouatlng  aethod  on 
the  bearing  of  tha  rotatory  antenna.  It  is  possible  to  also  carry  out 
long  running  of  gonioaeter,  applying  for  the  Indicatioa  of  bearing 
the  saae  receptioo/procedures  as  with  that  which  is  rotating  antenna. 
In  other  words,  gonioaeter  nakes  it  possible  to  carry  oat  rotation  of 
cosinusoidal  radiation  pattern  with  aotiooleas  antennas. 


With  the  othoc  aethod  of  deternining  the  bearing  on  the  basis  of 
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tk«  «qaatiOQ8  (2.12*)#  (2.13*)  of  voltaga  Ou  and  (!(«#  thay  aca 

aaplified  in  two  Lodepandant  racaiwacs  (ch.annala)  # the  fistor  of 
aopllf  Ication  of  tfhic.v  is  dlffaciag  (by  valua  and  phaaa) . Tha 
IntoAkiva  woltagas  wi!l  ba  faed/conductad  to  plate  X and  F of 
cathode-ray  tube  (Fig.  2.13).  The  trace  of  elactron  baaa  a ill 
daacrlba  the  atriLght  liaa  ahoaa  alapa/laeliaatloa  is  sgnal  to 

Page  31. 

The  positloa  of  the  glowing  line  on  the  screen  of  cathoia-ray  tube 
dataraines  directly  bearing.  This  type  radio  direction  finders  they 
ace  called  tvo-channel.  They  are  autoaatic.  It  should  ba  noted  that 
it  is  possible  to  carry  out  independent  aaplification  of  two  voltages 
in  one  receiver#  applying  the  frequency#  phase  or  tiaa  sharing  of  the 
voltages  of  channels. 

In  the  radio  direction  finder  with  two  aotionless  antennas, 
constructed  according  to  aaplitude  principle#  is  utilised  usually  the 
suB-and'di ff erenca  aethod  of  reading  >. 


FOOTNOTE  The  saa-and-dif ference  aethod  of  reading  soaetiaes  is 
related  to  phase^difference  direction- find  lag  aethod.  BVOFOOTMOTB. 
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Differential  voltage  froe  one  pair  of  antennae^  arcange/located,  for 
exaaple,  as  anteanaa  1 and  3 on  Fig*  2. It*  it  Mill  be 

0 ^ = /2E/jeC^* sin  (mb  cos  ? cos  fl).  (2.17) 


i 


i 


Let  us  find  also  the  total  voltaga 

0^  = U^-\-0,  = 2Eligc'*  cos  (mb  cos  ? cos  <i).  (2. 1 7') 

Each  of  these  voltages  will  be  feed/condncted  to  indapanlant 
receiver-a aplif iec  channel.  Both  channels  have  identical 
aaplif ication  factors.  In  one  of  the  chanpels*  the  voltaga  undergoes 
phase  displaceaent  90<*. 


2 
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Fig.  2.13.  Dlagrai  of  tvo^channel  radio  direction  finder. 


Key:  (1).  Incident  wave.  (2).  Receiver- 


Page  32. 

At  the  output  of  shaonels*  «e  will  obtain  the  voltages  of  the 
identical  phase,  proportional  and  Tolbages  will  bn 
feed/conducted  to  plates  X{Ui)  and  Y{U^)  cathode-ray 

tube.  Inclination  of  the  gloving  line  on  tube  face  is  egnal  to 

Y 

Ig  a -^  = Ig  {mh  cos  p cos  0) 


or 

a = mb  cos  p cos  0. 

If  va  count  off  angles  not  froa  the  line  of  antenna  location, 
but  fron  standard  to  it,  then  a a ab  cos  fi  sin  0*. 


r 

t 

f 

i- 

t 


aj 
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Angle  a is  cannectad  vlth  beaclng  0*.  If  one  assunes  that  the 
angle  fi  is  known,  then  on  angle  a it  is  possible  to  find  0*. 

the  application/nse  of  a snail  sepacntion  of  antennal,  coapoaent 
aotionless  pair,  is  inexpedient,  since  the  rotating  antenna  coople  or 
gonioaetric  systen  are  siaplec  in  operation*  Cse  by  a astionless 
antenva  wapors  acquires  sense  with  large  separation,  sinsn  in  this 
case  is  raised  the  accuracy  of  direction  finding. 

For  the  possibility  of  the  realixation  of  single->ralaed  reading, 
the  angle  a nust  not  be  acre  */2,  i.e*, 

mbs\n<i’<^j.  (2.18) 

Last/latter  condition  with  that  which  was  assigned  b/X  Units 
the  sector  within  lieits  of  which  it  is  conducted  direction  finding. 
Peon  expression  (2.18)  at  the  low  values  of  angle  8*  the  sector  of 
direction  finding  is  deterained  fron  focnula  20*  < v/2ab.  Thus,  this 
direction  finder  is  sector  unlike  the  direction  fiadars  of  other 
types,  which  allow/assuae  direction  finding  within  linits  of  360^* 
Taking  into  account  this  property,  it  is  expedient  each  of  two 
antennas  to  fulfill  with  acute/sharp  radiation  pattern,  as  a result 
of  which  is  raised  the  interference  shielding  of  direction  finder. 
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ar«  loversd  lotecfeceace  «crocs  it  d«cr#aBas  tb«  probability  of  gross 
•rror  duo  to  aultiforiity* 

l . low  values  the  angle  6*  can  be  desigsed  oa  the  obtaiaed  angle 
m by  siapLe  indexlag  into  conversioa  factor  ka->mfrcosp,  larger 
than  unity.  It  is  easy  to  see  that  the  ceavereioe  factor  is  led  to  aa 
increase  in  the  accuracy  of  direction  finding. 

Page  33. 

In  conversion  factor  enters  the  angle  of  the  slope  of  a front  of 
wave.  If  in  calculation  is  undertaken  the  value  of  angle  6,  different 
froB  its  unknown  to  us  actual  value*  in  the  deteraination  of  bearing 
ve  will  obtain  high*a Ititude  error  that  it  corresponds  to  the  overall 
considerations*  expressed  in  } 2.2. 


Phase- difference  direction-finding  aethods. 


Let  us  exasiae  the  applicatloa/use  of  phase-diCfacaaoe  aethods 
in  radio  direction  finders  with  the  rotatable  antennas.  Lat  one  of 
thea  CBOtionless)  be  acrange/located  in  the  boglaaing  of  coordinates* 
and  thre  second  (rotating)  - at  a distance  r froa  the  fleet  antenna  at 
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aa  angle  9 to  initial  reference  line. 

The  strength  of  field  and  the  proportional  to  then  foltages  In 
tvo  antennas  in  guestlon  vill  be 

t/.  = A,E.  = '“»'**•«»-  *>. 

A phase  difference  of  stresses  Og  and  0«  is  egual  to 

(j»,,  = w;r  cos  ^ cos  (h  — 0). 

Xn  this  type,  direction  finders  is  utilized  the  dependence  of 
phase  on  the  angle  of  bearing.  For  the  deteraination  of  this 
dependence,  the  second  antenna  rotates  on  tadias  r with  angular 
freguency  Q«  so  that 

0=0/. 

The  phase  of  stress  Oz  relative  to  voltage  0| 

<|(,,  = /7fr  cos  p cos  (fl' — 0)  (2.19) 

proves  to  be  that  which  is  changing  in  tine.  Consequently, 

differential  voltage  is  aodulated  on  phase.  It  is  known  that  phase 

aodulation  can  be  exaained  jest  as  frequency.  The  deviation  of 

frequency  is  equal  to 

h(o=^l7-  — ~'"'’^cospsin(0/  0). 

(It 


(2.20) 
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Th«  phase  both  of  phase  and  frequency  aodulation  corresponds  to 
b«arisg-< 

Page  34. 

Receptor  (Pig*  2.14)  sust  contain  high-frequency  asplifiary  the  phase 
either  PR  discrisinator , uhich  isolates  the  low-frequency  voltaqe, 
proportional  to  changes  in  phase  (2.19)  or  of  frequency  (2.20)  « 
low-frequency  aaplifier  and  the  phase  indicator  fron  readings  of 
which  is  counted  off  the  phase  of  output  voltage*  which  corresponds 
to  bearing.  This  type  direction  finders  they  are  called  direction 
finders  with  the  cyclic  aeasureaent  of  phase  in  high  frequency. 
Instead  of  the  rotatable  antenna  can  be  applied  the  aotionless 
changed  over  antennas  (see  § 8.8). 

In  the  case  of  aotionless  antennas,  it  is  possible  to  utilise 
antenna  location  in  accordance  with  Pig.  2.11. 

The  voltage  of  each  of  the  antennas  individually  is  anplified  in 
independent  receiver-anpllf ier  channels,  with  accurately  identical 
phase  responses.  Is  conducted  the  seasuresent  of  a phase  difference 
in  output  potentials  first  and  second  channels  ij-u  and  on  the 
output  of  the  third  and  fourth  channels  Pros  espressions 

(2.11)  it  follows  that 
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— 2/«6cosPcosO  (2.21) 


aad 


'J»„  = 2OT6cospsin  0.  (2.22) 


According  to  these  data  can  be  found  the  angle  9 (anl  also  angle 
fi) , Let,  for  exanple,  in  diagran  be  developed  the  voltages, 
proportional  to  phases  and 


Let  us  conduct  these  voltages  to  plate  X and  T of  sathode-'ray 
tube.  The  angular  position  of  focus  is  deternined  by  angle  a, 
Boreover 


lga= 


Y _[/, 
X ~Z7" 


tl* 


Ig  0. 


Conssguently,  angle  a - 0 directly  deternines  bearing.  Can  be 
developed  the  diagraa  with  the  aid  of  which  is  deterainel  also  the 
angle 


’ - VHV  hj  y/f 


Fig.  2.1U.  Diagraa  of  radio  direction  finder  with  the  cyclic 
seasureaent  of  phase. 
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If  va  are  castcicted  to  the  appllcat loa/use  oalf  of  two 
Botioqless  anteonis  (for  exaaple#  1 aao  3) « available  it  will  reaalD 
ooly  one  of  the  e]uations  (2.21)  or  (2.22) • froa  which  It  is  possible 
to  deteraine  0,  by  assigning  angle  It  is  natural  that  the 
deterainat ion  0 is  accoapanied  by  high^altitude  errors,  if  assigned 
iaprefcise  value  of  angle  0. 

With  the  large  distance  between  antennas,  appears  the 
suit  if  oral  ty. 

In  radio  direction  finders  of  this  type  for  the  targe t/purpose 
of  an  increase  in  the  accuracy,  is  applied  usually  the  large 
separation  of  antennas,  and  aultiforaity  they  solve  by  the 
application/use  of  the  second  systea  (phase  or  aaplitude)  with  a 
saall  separation,  that  gives  the  single-valued  (but  less  precise) 
reading  of  bearing  (§  8.7). 


According  to  this  saae  principle  it  is  possible  to  construct  the 
"aultiwave"  radio  direction  finder,  which  allows  separate  direction 
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finding  of  sevecal  (with  four  antennas  of  two)  coherent  wawea,  which 
operate  on  it  sieul taneously.  As  already  aentioped  that  in  this  case 
strongly  becoaes  soaplicated  receiving* indicator  eguipaent/device 
[2.15]. 

Above  are  exaained  two  fuodaaental  direction-finding  aethods: 
aaplitude  and  phase.  On  the  first  of  thee,  the  phase  dependences  of 
electroaotive  forces  in  antennas  on  bearing  ace  coavartad  into 
aeplitode  (radiation  pattern)  at  the  input  of  receiver.  According  to 
the  second  nethod,  phase,  phase  relationship/ratios  ace  retained 
before  leaving  of  receiver-aaplifier  equip sent /device  whace  is 
conducted  the  aeasurenent  of  the  phase,  which  detaraines  bearing.  Is 
possible  the  application/uae  also  of  the  aixed  eethods.  According  to 
a phase-aa plitude  aethod  the  first  cascade/stages  of  racaiver  wort  in 
phase  aode,  then  produces  the  transf oraation  of  phase  dependences 
into  aaplitude,  usually  using  sue-and-dif ference  aethod.  In 
last/iatter  stages  of  receivec-aapllfier  equipaent/devica  is 
conducted  the  aapiif ication  with  the 

preservation/retention/aainta ining  of  aaplitude  dependences.  The 
aeasurenent  of  bearing  at  output  is  conducted  on  aaplitude  indicator. 
In  anplltude-phase  radio  direction  finder  the  coostructioa  of 
receiver-aaplif iac  equlpaent/device  the  sane  as  in  aaplitude,  but  for 
the  indication  of  bearing  output  voltages  are  converted  into  the 
voltages  whose  phase  depends  on  bearing,  and  is  utilized  phase 
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2.4.  Errors  of  radio  direction  finder. 


In  §§  2.2  and  2.3  were  exaained  coaaon/geaeral/total  principles 
and  the  aathods  of  deteraining  the  hearing.  In  real  conditions  the 
work  of  radio  direction  finder,  is  feasible  a whole  series  of  the 
factors,  which  sake  the  work  of  radio  direction  finder  worse  and 
calling  the  errors  in  the  deteraination  of  bearing.  The  analysis  of 
the  reasons  for  these  errors  and  aethods  of  their  eliaination  or  at 
the  worst  of  account  during  operation  represents  one  of  the  aost 
inportant  questions  of  the  theory  of  radio  direction  finder. 

All  errors,  which  are  encountered  with  direction  finding,  it  is 
possible  to  divide  first  of  all  into  errors  systenatic  and  randon. 

Systenatic  errors  cause  offset  of  bearing  froa  tree  direction  in 
radio  station.  Deteraination  in  this  case  can  be  very  evenly  the 
direction  of  bearing  it  proves  to  be  inaccurate  independent  of 
accuracy  of  reading. 
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Systeaatlc  errors  can  in  principle  be  renoved  by  tbe  appropriate 
calibration  of  direction  £iader«  i.e.*  by  the  preliaiaaty 
detereinat ion  of  its  errors  froa  known  stations  and  by  tbt  aethod  of 
tbe  direction  finding  of  the  local  oscillator^  and  by  the  sebsegoeat 
introduction  into  the  readings  cf  the  corresponding  corrections. 
However#  the  reasons  for  errors#  as  we  will  see  further,  are  so/such 
nuaerovs  and  diverse  and  frequently  so  they  yield  with  difficulty  to 
account  that  in  practice  the  fulfillnent  of  this  calibration  is 
iapossible#  and  the  introduction  of  all  nuaerous  corrections  aould 
coapletely  hinder^hanper  the  use  of  a radio  direction  finder  even  of 
pi  to  calibration.  In  view  of  this  the  systeaatic  errors  aust  be  as 
far  as  possible  reaoved  in  direction  finder.  Only  the  relatively 
snail  errors  whose  regular  dependence  on  very  a few  factors  (one, 
■axlnun  of  two#  for  exaaple#  froa  aziauth  and  froa  frequency)  is 
accurately  establish/installed#  can  be  reeoved  by  calibration.  Tbe 
part  of  the  systeaatic  errors,  of  the  not  reaoved  and  not  considered 
in  tho  fora  corrections,  enters  in  tbe  randon  errors  of  radio  - 
direction  finder. 

Baodon  errors  are  led  to  the  oscillatlon/vibratiobs  of  bearing 
in  tine,  noreover  usually  are  observed  the  rapid,  slow  and  very  slow 
oscillations  of  bearings.  Kith  the  very  large  nuaber  of  obsarvationa 
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to  ono  and  the  saae  radio  station,  undertaken  for  the  wide  interval 
of  tiae,  a verage/aean  randoa  error  is  eguel  to  sero.  sinsa 
divergences  to  one  and  in  the  other  direction  are  egeiprabable. 

Page  37. 

However,  in  practice  the  averaging  of  all  oscillations  not  is  alvajs 
possible.  The  rapid  oscillations  p£  bearings  are  averaged  into  the 
shorter  tine  intervals,  than  slow  ones,  and  therefore  tueir  averaging 
is  realized  note  freguently.  An  error  in  the  single  observation 
deteraines  the  practical  accuracy  of  radio  direction  finder. 

Therefore  the  randoa  errors  of  proper  to  be  brought  to  tha  possible 
ainiaua.  Randoa  error  is  rate/estiaated  nt  average/aean  quadratic 
angular  error. 

Besides  the  given  separation  of  errors  into  randoa  and 
systeaatic,  theca  is  separation  according  to  the  character  of  their 
calling  reasons. 

Reasons,  the  calling  errors  of  radio  direction  finder,  can 
consist: 

1.  In  operating  principle,  diagraa,  the  construction  of  radio 
direction  finder  or  separate,  its  parts  and  in  an  inaccuracy  in  the 
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•ounting  of  external  eguipient/device.  The  errors  of  this  kind  are 
caused,  therefore,  by  the  properties  of  instrueent  itself.  Ve  will 
call  then  instruaent  errors.  Anong  then  special  place  occopies  the 
phenonenon,  called  antenna  effect  (see  § 4.2).  The  pact  of  the 
instcunent  error  can  be  referred  to  the  systenatic  errors  of  radio 
direction  finder,  another  pact  - to  the  eery  slowly  changing  randon 
error.: 

2.  In  effect  of  heterogeneity  of  surface  along  which  is 
propagated  electroaagnetic  wave  (coastal  effect,  effect  of  reaota 
enwironnent) . This  conponent  of  randon  error  changes  very  slowly. 

3.  la  phenonana,  which  occur  during  propagation  of 
electroaagnetic  waves  (change  in  plane  of  polacixatioa,  deflection  of 
path  of  ray/bean  froa  arc  of  the  great  circle,  arrival  to  point  of 
reception/procedure  of  several  interfering  ray/beans). 

As  we  will  see  further,  the  different  errors  of  the  propagation 
of  waves  cause  the  rapid  and  slow  oscillations  of  bearings. 

4.  la  effect  of  different  kind  of  those  who  lie  near  by  antenna 
of  systen  of  object/subjects:  antennas,  wires,  netallic  nasses, 
trees,  structures,  hills,  etc. 
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5.  la  subj«ctivity  of  reading  of  bearin9» 

Subjective  errors  depend  on  a naaber  of  factors  and  first  of  all 
OB  the  degree  of  the  indeterainancy/uncertaint y of  the  reading  of 
beacinig,  for  exaaple,  on  clearness  and  stability  of  aiaiaun  or 
naxiaun  of  sound  in  telephone  with  the  auditory  reading  of  bearing^ 
on  width  and  stability  of  the  strip  on  which  is  counted  off  the 
bearing  in  autoaatic  visual  radio  direction  finder  and,  etc. 

Different  observers  or  one  and  the  saae  observer*  coanting  off 
several  tines  bearing  to  one  and  the  saae  radio  station*  they  will 
give  the  coaplately  not  coinciding  readings*  eore  or  less  differing 
froe  the  true  bearing.  Hagnitude  of  error  in  the  separata 
observations  the  greater*  than  aore  the  oscillation  of  bearing*  the 
less  deter eined  those  sign/criteria  on  which  is  counted  off  the 
bearing*  for  exaaple  than  it  is  eoce  diffuse*  is  wider  the  slnlsua  of 
audibility  with  auditory  direction  finding  on  the  eioisue*  is  wider 
and  eore  unstable  strip  with  aatoeatlc  bearing. 

Let  us  exaaiie  first  subjective  errors  independent  of  the 
reasons*  calling  then*  since  tbs  character  of  these  errors  does  not 
depend  on  that*  by  which  precisely  reason  they  are  caused, 
subsequently  let  us  pass  to  the  exueination  of  other  enuaerated 
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r«acons  for  eiLors,  detecalDlng  for  each  of  thee  value  aad  the 
character  of  systaaatic  errors  and  the  degree  of  their  effect  on 
cleareess  of  the  reading  of  bearing. 


2. S.  Selationshlp/ratio  of  the  poeer  of  signal  and  interfarencea  at 
the  output  of  receiver. 


Power  of  ioterferences  at  the  input  of  receiver. 


The  Value  of  the  subjective  errors  to  high  degree  depends  on  the 
noise  voltage  and  interferences,  which  aask  signal  and  which  iapede 
the  reading  of  bearing. 

For  the  target/purpose  of  analysis,,  it  is  expedient  to  divide 
interferences  and  nc^lses  into  two  foras:  1)  interference  and  noises 
with  wide  continuous  spectrua. 

Page  39. 

within  the  liaits  of  a narrow  band  of  fregoencies,  passed  by 
receiver,  the  spectral  density  of  their  power  can  be  considered 
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constant^  and  total  powec  is  of  equal  to  the  product  spectral 
densities  and  banl  >;  2)  interference  «itb  the  nacro*  Ilea  spectcue 
of  frequencies. 


FOQTNOTB  Here  one  should  understand  effective  passpiind*  For  the 
aajority  of  selective  systens*  effective  band  by  approziaa tely  lOo/o 
is  sore  than  passhand  at  the  level  0.7.  BHDFOOTHOTB. 


r 


The  first  forn  includes  space,  atnospberlc,  sone  aan^aade 
interferences  and  the  inherent  noise  of  receiver.  To  the  second  - the 
interference  of  radio  stations.  The  interference  effect  of  radio 
stations  la  exaaiaed  into  § 2.12» 


Let  us  exaalae  the  interferences  of  the  first  fora,  ehich  on 
their  origin  are  divided  into  external  (ataosphecic,  iaduatcial, 
etc.)  and  internal,  caused  by  the  fluctuations  of  current  in  the 
aqtennia,  the  ducta,  the  tubes  and  other  cell/eleseats  of  receiver. 


The  level  of  outside  interferences  nnd  tbeir  spatial 

a 

f 

i 

I 


m 


i 


! 

! 


distribution  strongly  depend  on  tise  of  days  and  year,  latitude  of 
place,  frequency  and  series  of  other  reasons,  exaalns/considered  in 
the  courses  of  radiovave  propagation.  To  svaluate  average 


DOC  « 77223202 


PAGE  SMt-  ^ b 


c«lationship/ratios»  w«  let  ns  assuaa  that  th«  intarfaraacas  coaa 
evanly  fcoa  all  sides  and  let  us  estiaata  tbair  iataasitf  aith  a 
spectral  density  3f  the  strength  of  field  of  A.  Yaloa  A depends  on 
factors  indicated  above.  The  power  of  outside  intarfarencas  at  the 
input  of  receiver  coapcisea  (3. 1 3 


^aii—  iR,  U ' 


(2.23) 


where  B is  a passband; 


/'r-the  affective  height  of  antenna: 


- cadiaticia  resistance; 


f,  - efficiency  (efficiency); 

D - directive  gain  (decictive  gain). 

Internal  noises,  which  appear  because  of  tM  fluctuations  of 
current  in  antenna  with  effective  resistance  'R^,  are  character ised  by 
spectral  power  density  kT,  where  h = 1.3*10  **  J/deg  is  Boltzaann 
constant,  T - abssluta  teaperature.  The  ratio  of  the  total  power  of 
icternally-producad  noise  at  the  input  of  receiver  to  thn  intensity 
of  the  noise,  caused  by  only  one  antenna  resistance,  ha  is  called 
factor  of  noise  N.  The  intensity  internal  noises  is  equal  to 
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P^  = NkrB. 


(2.24) 


Page  40. 

lobeceot  noise  level  at  the  input  of  receiver  they  ckeracterise 
also  by  absolute  receiver  sensitivitT  - by  that  strength  of  applied 
field  with  which  Is  created  the  voltage  on  lnpet»  It  is  egual  to  the 
effective  value  of  noise  voltage.  Pros  the  detereination  of  absolute 
sensitivity,  it  follows  that 


= (2.24') 


After  using  the  taown  relationshlp/rat los:  for  syaaetrical  antenna 
[3.11 

I20»i»aJ 
Jw  ’ 


for  the  grounded  antenna 


240««Ai 

K>D~ 


we  will  obtain  the  expressions  of  absolute  sensitivity  for 
syaaetrical  and  asynaetric  antennas  respectively: 
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Sli  K?tK  MUt  ] 


1/  *eO»>NkTH 

E,o«=|/  — ^ — . E,ao=v.i-r|r  . 


'i8e 


9Q0«»Alirfl 

TTU^ 


X'Oi) 


^ Wl7 


• ) 

(2.25) 


The  total  power  of  external  and  internally-produced  noise  will 
be  equal  to 


P noM  — P u 


i 


<> 


Let  us  find  the  strength  of  the  applied  field,  which  creates  the  saee 
power  as  total  power  ^noM.  Let  us  call/aaae  it  the  noise  field 
intensity 


E 


II  ou 


(2.2f)) 


The  noise  field  intensity  decreases  during  decrease  in  H and  A, 
with  an  increase  iecictire  gain  and  efficiency,  and  also  with  the 
contraction  of  the  passband  of  receixcr.  The  question  concerning  the 
advisable  selection  of  passband  is  exaained  into  § 2*b« 


Page  41. 


Absolute  sensitivity  can  be  inproved  (i.e.  value  E„r.r  is 
decreased)  with  an  increase  derlctive  gain  (D)  sad  efficicncyiT^j 
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aatenoa  and  duriog  a decrease  in  the  band  (B)  and  in  the  factor  of 
the  noise  (N). 

Calculation  of  these  values  is  given  in  chapter  7. 

Proa  foraula  (2.26)  it  follows  that  a decrease  in  valee  E.nc 
has  littla  effect  on  that  which  results  intensity  of  the  : ield  of 
interferences,  if  by  aeans  of  selection  M and  ^ achieved/teached 
considerable  excess  of  outside  icterfereeoes  above  its  own.  i. e..  if 

D tte 

In  the  exaaiaation  of  this  relationskip/ratio.  one  should 
consider  the  ainiaua  level  of  outside  interfeceacas.  which  can  be  set 
under  the  actual  conditions  of  the  work  of  radio  direction  finder. 

The  relatloaship/ratio  of  the  inrensity  of  signal  and  intensity 
of  noise  at  the  oat  put  of  the  receptor  depends  on  those 
transf oraatioDs.  by  which  undergo  the  signal  and  noisa.  la  the 
exanination  of  these  tcansfornations.  one  should  distinguish  the 
linear  and  nonlinaar  cell/eleeents  of  tba  receiver. 


Belationship/ratio  of  the  power  of  signal  and  interferences  at  the 
output  of  the  linear  part  of  the  receiver. 
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The  linear  cell/elenents  of  receiver  include  the  feelers,  ehich 
filter  circuits,  leplifier  stages,  and  also  frequency  converters  and 
synchronous  detectors.  The  usual  detectors,  ehidi  Isolate  the 
Bodulating  voltage  of  signal,  are  nonlinear. 

After  the  passage  of  linear  cascade/stages#  the  ratio  of  the 

power  of  signal  to  the  intensity  of  noises  on  output  is  equal  to  the 

sane  relation  at  the  input: 

Pc.u.  . (2.27) 

/\  *u*  Pu 


where  B is  the  resulting  passband  of  all  linear  cascsla/stages; 
the  spectral  noise  density  at  input. 
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Page  42. 

If  separate  sascade/stages  have  a band,  Bj,  Bg  and  so  forth, 
then  the  resulting  passband  approxiaat ely  can  be  found  by  the  formula 


from  which  evident  that  the  resulting  passband  is  detarained  in 
essence  by  the  narrow-hand  cell/element. 

The  intensity  of  noise  at  output  does  not  depend  on  the 
distribution  of  selectivity  between  the  cascade/stages  of  receiver  in 
its  linear  part  (h igh- f regucncy  amplifier,  the  IF  amplifier  and  so 
forth),  however,  during  the  incorrect  distribution  of  selectivity,  is 
possible  the  overloading  of  cascade/stagas  by  noises  or  the 
interferences  of  other  stations,  the  disturbance/breakdown  of 
linearity,  the  onset  of  combination  interferences  and  bearing  errors. 
These  guestions  are  illuminated  in  the  courses  of  radio  rsceiving 
equipment.  The  effect  of  powerful  interferences  on  the  errors  of 
two-channel  radio  direction  finders  is  examined  into  § 8.3. 


In  formula  (2.27)  ace  not  taken  into  account  noise  sources. 
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available  in  receiver  after  its  input:  tube  and  the  ssiiconductor 
devices  of  the  subsequent  cuscade/stages.  The  a Dplif ica tion  of  tht 
first  cdsoade/3ta je  roust  be  selected  so  that  the  noise  voltages  of 
the  second  and  of  all  subsequent  cascade/stages  would  ba  negligible 
in  comparison  with  the  intensive  noises  of  the  first  casoi de/stage. 


Relati<'-nship/rdti3  of  the  intensity  of  signal  and  noise  at  the  output 
of  detector. 


In  nonlinear  cell/elefiients  it  is  necessary  to  examinj  together 
the  passage  of  signal  and  noise.  This  question  was  the  object/subject 
of  the  number  of  special  investigations  [2.2,  2.3],  to  which  one 
should  turn  for  a comprehensive  itudy. 

Hill  be  here  given  only  the  short  approximate  results,  in  the 
majority  of  cases  sufficient  to  evaluate  works  of  direction-finding 
systems. 

Page  43. 

Let  us  designate  the  effective  valua  of  the  voltage  of  signal 
carrier  frequency  on  the  input  of  detector  Uo  and  the  effective 
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value  of  noise  voltage  fy,„.  If  the  passband  of  the  fraguenoies  of  that 
part  of  the  rereiver,  which  precedes  detector,  6»’  and  spectral  noise 
density  (on  voltage)  (?ui>  then 

U,u  — (^ui 

We  exaaine  the  signal.  Modulated  in  aaplitude,  with  the  depth  of 

Bodulatioa  At  the  output  of  detector,  we  will  obtain  stress 

coaponent  modulation  frequency,  caused  by  signal  with  affactive  value 

^B,.,^.and  the  spactcura  of  the  noise  voltages,  caused  by  the  interaction 

of  the  components  of  noise  between  thenssel ves  ana  with  signal.  The 

effective  value  of  the  noise  voltc-ge  within  the  limits  of  the 

passbard  B„  of  the  filter,  following  after  detector.  Let  us 

designate  nwv  The  ratio  of  the  voltac:e  of  signal  to  noise  voltage 

on  the  output  of  the  square  law  detector  is  doterainai  by  the  formula 

= (2.2R) 

V«,v  ?S.  / M»  b’i’„  / n^\ 

It  is  here  assumed  that  If  then  into  focmala  one 

should  substitute  unity  for  the  relation  In  tha  majority  of 

cases  and  in  denominator  under  radical  sign  it  is  possible  to 

disregard  in  comparison  with  unity.  The  depth  of  raodiiLation  H is 

'In, 

usually  lass  thaa  unity,  wnich  oiaKos  it  possible  to  disregard  the 
term  H^/2,. 

Formula  (2.23)  is  derived  on  the  assumption  that  the  frequency 
characteri sties  of  the  predetector  part  of  the  receiver  are 
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rectangulir.  In  vss  t ig;it  ion  shows  [2.6]  that  the  fom  of 
characteristic  with  constant  passband  insignificantly  affacts  the 
relation  of.  the  voltages  of  signal  and  noise  on  output.  Therefore  to 
admissibly  use  formula  (2.2B)  with  any  form  of  characteristic, 
especially  because  the  rectangular  characteristic  detacaiies  the 
lowest  sense  of  tie  voltages  of  signal  and  noise. 

In  trie  case  of  linear  detection  of  formula,  they  are  obtained 
more  complex. 


page  HU. 


However,  it  is  possible  to  show  [2.6]  that  the  results  of  linear 
detection  differ  less  than  by  7o/o  from  the  results  of  syuate-law 
detection  in  the  identical  sense  of  the  voltages  of  signal  and  noises 
on  the  input  of  detector.  For  this  reason  to  admissibly  use  and  for 
linear  detection  formula  (2.28)  or  its  simplified  form: 


^ M i/  A (2.29) 

.w.  ¥ 2/in  / 

\/  .1" 

With  powerful  signals  Uc'>U„,  the  second  term  under  radical  in 
denominator  can  be  disregarded  and  then 

l/ A 

Vn,  Y 2Hn 


Ur 


, , = (2.ri0) 

S„V2tin 


where  (/'ui  = (?iiiK2B„  -is  the  effective  stress  of  noise  on  the  inpu»-  in 
passband 
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The  celatioi  3 hip/rat  io  ol;  the  voltages  of  signal  in3  noise  is 
deteraincii  with  powetful  signals  exclusively  by  the  passband  of  low 
pass  filter,  in  this  case  it  is  assumed  that  its  passband  already, 
than  the  half  of  the  passband  of  high-pass  filter.  With  vary  weak 
signals  it  is  possible  in  exp  ion  (2.29)  to  discegatl  inity  in 
coepacison  with : 


a u < 
# 44  t 


r:  / 2M  . (2.31) 

y Hi  Y 2/4,  fl  y-B.-iB, 


‘~R.  /"riiib', 


In  this  case  the  r e lat ionsh ip/r at i o of  the  voltages  of  signal  and 
noise  on  output  ispends  ♦o  idetitical  degree  on  passbands  on  high  and 
in  low  frequency,  this  relationship/ratio  proves  to  be  iti/ersely 
proportional  to  sjuare  root  uf  Letijin  equivalent  band,  equal  to 
geometrical  mean  from  passbands.  in  hi'  and  low  frequency. 


Page  45. 


2.6.  Selection  of  passband. 


Maxitua  passban  i is  det*.  t ui  ned  by  that  navigational  information 
which  will  bear  the  ■•ignal.  one  s.-ould  distinguish  search,  either  the 


PAGE  ^ 
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initial  determination  of  bearing,  and  tracking,  or  tha  C3:»secutive 
determination  of  bearing  with  the  motion  of  the  oriented  radio 
station.  During  search  the  signal  Kust  be  r oveal/detect ed  in  certain 
direction  for  time  r,„  which  is  assigned  by  the  duration  af  signal  or 
by  the  conditions  of  work.  In  systems  with  motionless  antennas,  the 
signal  is  detected  independent  of  its  direction  and  passband  must  be 
sufficient  only  for  providing  the  comolete  establishment  of  signal 
for  time  T",,.  it  is  known  that  the  passband  is  connected  with  set-up 
time  by  the  relationship/ratio 


(2.32) 


which  determines  required  passband.  In  systems  with  the  rotatable 
antennas,  which  possess  directivity,  the  retention  time  of  signal 
within  ♦he  limits  of  the  main  lobe  of  radiation,  which  has  e gu  i va  lent,  o, 
will  comprise 


and  the  passband. 

Here  Th  is  taken 
Actually  passband 
insufficient. 


t •=  • 


2k 


(2.33) 


which  ensures  the  establishment  of  signal,  will  be 

(2.31) 

as  equal  to  the  period  of  the  rotation  of  antenna, 
must  be  wider,  since  usually  single  jetection 


a ' _ 


T).?  rompatiaori  of  formulas  (2.32)  and  (2.14)  shows  that  the 
passbd.nd  and,  cons egiien 1 1 y , also  the  intensity  of  noises,  is 
considerably  abovj  ii.  *hr  i ase  of  •■he  rota’^able  directed  system.; 
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however,  even,  the  pawer  of  signal,  which  can  be  extractel  froK  the 
incident  wave  in  thir  case,  is  above,  since  it  is  proportional  to  k. 
n.  d.  Since  here  is  examined  the  effect  of  directivity  only  in 
horizontal  plane. 


Page  U6. 

The  ratio  of  the  power  of  signal  to  the  intensity  of  noisa  will  be 
proportional 


Or  -r 

-R  ^ 


for  both  systems. 


With  tracking  the  moved  target/purpose,  the  rate  of  the 
establishment  of  processes  in  receiving  indicator  must  ba  sufficient 
In  order  to  reflect  changes  in  the  bearing.  If  are  assigned  the 
permissible  error  of  irodsurcmcnt  A and  angular  rate  i0/it,  then  time 
of  the  dot er Biuat i on  of  bearing  in  any  position  of  object  must  not 
exceed  a/(d0/dt)  and,  therefore,  passband  must  be  not  less  than 

(2.35) 

A greatpst  change  in  the  bearing  of  the  object,  which  moves  at  a rate 
of  v at  a distance  3 from  direction  finder,  will  be  when  cate  is 
perpendicular  to  line  of  bearing.  In  this  case 

(/O  __  t" 

<if  ' » 


Z?  rr  1 .f. 

bdt 
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and  foiBula  (2.35)  can  be  rewritten  in  the  fora 


n • *' 


Substitution  the  jiven  foraula  of  the  lost  unfavorable  values  of  the 
entering  it  quantities  shows  that  on  the  basis  of  the  rats  of 
processing  about  bearing  is  admissible  the  applicatian/usa  of  narrow 
passbands  of  the  order  of  the  units  of  hertz. 


The  virtually  used  in  radio  direction  finders  passbands 
frequently  are  considerably  wider,  which  is  explained  tjy  the 
technical  difficulties  of  the  tiilf illment  of  radio  direction  finders 
with  very  narrow  passband.  Tha;;e  lifficulties  first  of  all  are  caused 
by  swinging  of  neterodynes  and  filtering  circuits  of  receiving 
indicator,  and  also  the  generator  of  transmitter. 


Page  47. 


Swinging  leads  first  of  all  to  the  need  for  frequency  search  with 
tuning  witliin  the  limits  of  certain  band  of  frequencies  besides 
search  examined  above  azimuth.  In  the  theory  of  frequency  search,  is 
known  rela tionship/rat io  [2.1] 

^ . 

where  r is  time  of  obsctr  vat  ion . 


Utilizing  (2.11),  we  obtain 


O-Vrlf. 


(2..%) 


B 


k 
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The  band,  detecaiied  by  formula  (2.36),  can  be  considarial y wider 
than  detecmined  by  formula  (2-3U), 

In  some  systans  of  radio  direction  finders  {two-ehanael, 
phase-meter,  etc.)  the  detutiiny  of  receiving  indicator  relative  to 
signal  fraquenoy  ar  the  detuning  of  its  cell/elements  of  relatively 
each  other  leads  to  the  onset  of  the  errors  whose  valua  jrow/cises 
^ther  conditions  being  equal,)  with  the  contraction  of  passband.  This 
fact  also  forces  to  apply  passbands  wider,  than  maxiaua  paraissible. 
These  questions  ace  examined  in  more  detail  in  chapter  8. 

In  the  case  of  application/use  at  the  input  of  tha  caceiving 
indicator  of  local  modulation,  wide  passband  is  required  only  in  the 
cascade/stages  of  the  high  and  intermediate  of  frequencies  (to 
detector).  Passband  in  low  frequency  (after  detector)  can  be 
undertaken  narrow  in  accordanc*’  with  asymptotic  relations  (2.3U), 
(2.36).  During  the  inter foren_e  level  of  this  circuit,  one  should 
consider  the  effect  of  detection  on  the  relationship/ratio  intensity 
of  signal  and  noise  - with  weak  signals  unfavorable  (see  S 2.5). 

In  certain  cases  for  simplif iration  In  the  circuit  of 
equipinent/device,  it  is  desirable  to  realize  reception  of 
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supplementary  information  {identification  signals*  official  calls 
etc.)  on  the  saae  receiving  channel  with  the  aid  of  which  is 
fulfilled  the  dicaction  finding. 

Page  48. 

The  passbandj  required  for  this  (for  example,  with  telephony),  can  be 
considerably  wider  than  with  direction  finding. 

2-7.  Sensitivity  with  the  reading  of  bearing  on  the  minimum  for 
audition. 

When  the  output  voltage  of  signal  during  the  rotation  of  antenna 
falls  below  known  value,  operator's  eye/»ar  ceases  to  accapt  signal 
as  a result  of  tha  masxing  effect  of  noises.  Let  this  3 t sa ppea ranee 
of  audibility  occur  within  the  limits  of  angle  from  9 - ® * ®o* 

where  6 is  the  true  bearing.  The  angle  2d q within  which  is  not 
distinguished  tba  audibility  in  telephone  during  the  rotation  of 
antenna,  he  is  called  the  angle  of  silence  *. 


FOOTNOTE  •.  Tha  sjboeguent  con clusion/der ivat ions  are  valid  in  the 
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case  of  antenna  effect  wh*»n  audibility  with  direction  findin<j 
completely  does  not  disappear,  but  is  observed  the  angls  af  the  equal 
to  audibility.  ENDPOOTNOTE. 


Deternining  bearing  for  audition,  we  can  establish/install  antenna  in 
any  position  within  this  angle.  Consequently,  a aariaua  error  in  the 
determination  of  bearing  is  equal  to  &o.  The  reading  of  bearing 
somewhat  is  more  pr*^ci3ely  formulated,  if  we  find  the  boundaries  of 
the  angle  of  silence  and  then  to  accept  for  beating  thaic  average 
value.  As  a result  of  the  indeterminancy/uncertainty  of  the 
boundaries  of  the  angle  of  silence,  the  possibility  of  error  is 
retained  also  in  this  case.  An  average  (in  absolute  valuai  error  in 
this  determination  can  be  accepted  on  the  basis  of  experimental  data 
as  the  equal  from  one  eighth  to  one  fourth  of  the  angle  of  silence 
depending  on  the  skills  of  operator  and  time,  spent  on  the 
fulfillment  of  reading. 

Let  us  find  the  dependence  of  the  angle  of  silenca  oo  noise 
level  at  the  output  of  radio  drrection  finder.  In  this  case,  by 
account  the  physiological  special  f eat ure/pecul iaritias  of  hearing 
aid.  Audibility  is  proportional  to  the  logarithm  of  the  power  of 
sound.  If  Pq  is  the  power,  which  corresponds  to  threshold  of 
audibility,  then  audibility  will  be  (in  dB) 
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In  radio  iicjction  finders  they  utilize  beat  reception  with  the 
aid  of  the  heterodyne,  voltage  on  detector  from  uhich  considerably 
exceeds  as  voltage  of  signal,  so,  and  noise  voltage.  The  process  of 
detection  (frequency  conversion)  under  this  condition  it  is  possible 
to  consider  linear  and  the  relation  of  the  intensities  of  signal  and 
noises  at  output  eyual  to  the  saae  relation  at  input. 

Page  40. 


Net  power,  developed  with  signal  at  the  input  of  recaiver,  is 
equal  to 

Where  F(P)  - the  3 tand ardized/noraa lized  radiation  pattern  in 
horizontal  plane. 


The  power  of  interferences  was  deternined  by  foraulas  (2.23)  and 
(2.24*).  The  total  power  of  signal  and  interferences  is  agual  to 

Let  us  select  the  beginning  of  the  calculation  of  tha  angles  of 
rotation  of  antenna  so  that  with  0=0  F(0)  ® 0.  When  antenna  is 
located  accurately  in  initial  position  0=0,  audibility  is  equal  to 

, .ni- 

L,  = ]0lg-^P~. 
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During  the  rotation  or  a .^enna  through  smaii  angle  tlia  audibility 

will  becoBe  egual  to 

l..=  10lK 

He  hence  obtain  ao  increaent  In  the  audibility 


1-f 


E«M  (»,) 
E» 


Considering  in  last/latter  eipression  the  second  tsrB  under  log 
sign  snail,  approxinateiy  we  obtain 

_4 


Ai  = 4.34 


E’ 

*^noM 


or 


Page  50. 


The  obtained  strength  of  field  E,,  deteraines  the  real 
sensitivity  of  radio  direction  finder,  i. e. , that  strength  of  field 
which  is  reguired  for  the  reading  of  bearing  with  the  error,  which 
does  not  exceed  the  assigned  maanitude. 

Being  given  any  increaient  in  the  audibility  AL  during  rotation 
by  the  antenna  of  systam  through  angle  Ha  from  the  position  of 
bearing,  it  is  possible  from  formula  (2.37)  to  calculate  the  required 
strength  of  field. 

For  1 et  ernln  I f.  g the  insti  ument/tool  sensitivity  of  radio 
direction  finder,  i.o.,  senaitiv’ty  in  tne  absence  of  outaide 


t 

i 

k 


I 
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inter ferencps,  it  suffices  to  place  A = 0.  In  this  case,  EiioM**i^«oc  and 
the  i nstruBent/tD3 1 sensitivity 


E — l/  — 

L»iui  — Y ^ n 


AL  E46C 


(2.38) 


.31  ^(9.)  • 

For  the  snail  values  of  angle  60,  only  and  being  of  interest  in 
practice,  with  direction  finding  on  the  ainiaiui#,  talcing  into  account 
that  F (0)  = 0,  the  value  of  function  F{8o)  presented 

approximately  in  the  forn 


/=‘('i,)  = P(O)0.. 


After  substituting  last/latter  expression  into  foraulas  (2.37)  and 
(2.38)  , wa  will  obtain 


F _l/  F . (2.39) 

— Y i7ni  e,/-' (0)  • r 4.3^9,/  ■l0)  ' ' 

Hearth  AL  is  hara  understood  the  ainiaua  increaent  iu  the  audibility, 
detected  by  eye/ear.  This  value  depends  on  the  subjective  special 


featiire/peculiarit  i es  of  observer,  passband  of  receiver,  absolute 
sound  intensity,  pitch  of  the  tone  and  other  factors. 


Expec  .i.nental  data  show  that  at  average  value  AL  ILe/cests  within 
Halts  0,5-1  dB. 


The  angle  Aq  boundary  of  which  the  signal  is  datarted  that 
during  the  rotatlnn  of  antenna,  it  is  egual  to  one-half  angle  of 
silence  and  deteciines  the  accuracy  of  reading  of  bearing. 

Let  accept  as  an  example  the  permissible  reading  ?rroc  0.5°. 
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Since  a readini)  error  comprises  (0. 12-0.25)  29o,  the  ingla  of  silence 
■ust  be  2d o - 2-4». 


Page  51. 


Under  these  assuaptions  froa  (2.39)  the  real  sensitivity  of  radio 
direction  finder  vill  be 

^.-('0-27.5) 

a the  instruaent/t ool  sensitivity 

Prom  this  exaeple  it  is  evident  that  the  instru«ent/t ool  and 
real  sensitivity  with  the  assigned  reading  error  oscillatas  within 
sufficiently  wlds  limits  depending  on  observer's  subjective 
qualities.  For  tha  possibility  of  the  objective  coaparisoo  of  radio 
direction  finders,  it  is  possible  to  standardize  dL  and  9o  with  the 
assigned  accuracy  of  reading  of  bearing.  Then  instr uaent/tool  and 
real  sensitivities  (I*-....  and  ll,,)  become  coapletely  deteraiaed,  since 
absolute  sensitivity,  the  noise  field  intensity  and  radiation  pattern 
are  determined  experimentally  objectively. 


From  expressions  (2.39)  it  follows  that  the  product  of  the  angle 
of  silence  by  the  strength  of  field  is  a constant  value  for  this 
direction  finder  and  the  assigned  wavelength: 

If 9(,  P --  o iX 
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Accepting  AL  = 0.5-1  dB  and  expressing  angle  Aq  in  degceaj , we  obtain 

//,,  = (35  -t-  o5)  I'll  ~ 1^(0) ■ 

The  product  jf  the  angle  of  silence  by  the  strength  of  field 
calls  respectively  the  real  or  instrunent/tool  Bodule/aolilus  of  the 
sensitivity  of  radio  direction  finder  and  frequently  they  accept  as 
the  measure  of  its  sensitivity. 

During  the  experimental  determination  of  the  aodule/i odul us  of 
sensitivity,  finds  the  value  of  the  angle  of  silence  it  the  aeasured 
strength  of  the  field  of  signal.  The  definition  of  the  aijle  of 
silence,  as  has  already  been  indicated  that  strongly  it  Impends  on 
observer’s  subjective  special  teat ure/pec ulia ri ties,  what  is  an 
essential  def iciea cy/1 ic K In  the  a pplicat ion/use  of  a i >3 J le/modulus 
of  sensitivity  as  the  measure  of  the  evaluation  of  the  sensitivity  of 
direction  finder. 

Page  52. 

Let  us  use  the  given  formulas  to  radio  direction  finder  with 


sinusoidal  caJiation  pattern  (loop  antenna,  two  spaced  vertical  wire 
antennas,  the  goniometr ic  system). 


with  dir!»rti3ii  finc^jny  for  au<Htion  according  to  roaparison 
■ethod,  or  as  it  accasionally  referred  to  as,  according  to  equisignal 
aethod,  they  revolve  antenna  syst-ac,  si aiul tan ec ur.l y chiagir.g  over  ary 
cell/elerasnts,  which  change  radiation  pattern  (for  exaaple,  see  Fig. 
2.7)  . 

Bearing  is  read  in  that  antenna  position  of  systen,  in  which  tha 


audibility  does  not  change  during  switchings. 
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Piguces  2.  V)  de^jicts  to  the  dependence  of  voltaga  U^,  cenoved 
with  the  anten  of  system,  from  angle  9 in  two  positions  of  1 and  of 
2 switches. 
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0, 

Fly.  2.  I'"’.  Displared  radiation  patterns,  utilized  with  conparison 
method. 

Page  53. 

The  positions  of  switch  correspond  to  the  displacement  of  radiation 
patterns  to  angle  6. 

Letters  a,  b,  c,  d,  e,  f designated  the  points  at  which  is 
satisfied  the  condition  of  the  equal  to  auaibili«-y.  As  '•so  be  sear) 
from  figure,  there  are  many  such  points,  which  leads  to  the 
indeterminancy/uncertaint y of  bearing.  For  the  exception/a limination 
of  many  readings,  it  is  necessary  to  ensure  single-lobe  radiation 
pattern  or  at  least  to  considerably  attenuate/weaken  all  ninor  lobes. 

After  selectLi.y  as  lerwrence  point  the  angle,  which  corresponds 
to  point  d of  the  intersection  of  the  main  lobes  of  radiation,  we  can 
present  the  first  diagram  as  P {0  *6),  and  the  second  as  F (P  *■  6)  • 
Considering  both  diagrams  symmfetrical  relative  to  straight  lines  *6 
and  -6  respectively,  we  can  write 
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Dup  tci  inac^Jra.-^y  in  ♦ hf-  dot er b irat.ion  of  the  equality  of 
audibility  near  point  A,  can  be  obtained  an  error  in  tie  bearing.  For 
example,  the  equality  of  audibility  car  be  determined  not  at  angle  6 
~ 0,  but  at  certain  angle  a = tto.  Magnitude  of  error  depends  on  the 
relat ionsh ip/cat io  of  the  voltages  of  signal  and  interferences  on  the 
output  of  radio  direction  finder. 

The  sensitivity  of  radio  direction  finder  with  iiraction  finding 
according  to  comparisor.  method  let  us  call/nane,  as  earlier,  that 
minimum  strength  of  field,  which  provide^  the  possibility  of 
direction  finding  with  the  error,  which  does  not  exceed  certain 
assigned  magnitude  Ad. 

For  ieteriiaing  sensitivity,  let  ur:  find  the  total  power  of 
signal  and  interferences  on  the  output  of  radio  direction  finder  in 
two  po-itions  of  switch,  which  correspond  to  radiation  patterns  1 and 
2: 

Z’.  4 C’P  . 

where  it  is  determined  by  formula  (2.26). 


Page  64. 
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Ar  increient  in  the  audibility  duriny  transition  froi  position 


of  1 to  position  of  2 will  be 


AZ.  = 10lg^=101g^ 


E'r*(9.  + a) 


RLm  + E'/'(9,-4) 


It  is  decoaposed  expression  f or  a radiation  pattern  in  Taylor 

series,  considering  angle  6 saall: 

f {0,-t- «)-/■(&!  4- 

-O.P(6). 

P (0.  -r  i)  = P (5)  -f-  2F  (?)  P (fi)  0., 

P{%  - 6)=r.P(6)~2FC^)  F'{&)%. 

substituting  thes«  expressions  into  equation  (2.d0)  and 
after  using  the  formula  of  the  approximation  calculus 


lg^.  = n.868.v. 


when  X <<  1,  we  will  obtain 


Hence  we  find 


E|-  I7.3.J8,/  (i)  r (9)  - atF*  («) 


Last/lattar  exprassion  determines  the  real  sensitivity  of  radio 
direction  finder. 


For  leterxiiin  J insttum*  ii»/tool  sensitivity,  let  us  place  A = 
Then  we  obtain 

sviov"^')  /•■'  (B)  -■ 

From  the  obtained  expressions  it  is  evidant  that  the  sansitivity 
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depends  on  the  value  of  the  anyle  6 of  the  displaceaant  of  diagran. 
There  is  a optimuTi  angle  of  shift  of  diagraas,  which  ensures  the  best 
sensi  tivity. 

As  an  exanplj  of  the  application/use  of  the  given  fornuias,  let 
us  examine  the  circuit,  presented  in  Fig.  2.7, 

Page  55. 


The  radiation  pattern  of  this  system  is  deterainad  by  the 
formula 

. r:.4:3) 

' 1^1  + n* 

It,. 

Where  is  relation  of  the  effective  height  of  fraaawork  B and 

A.  Signs  ± in  focaula  correspond  to  two  positions  of  switrh  D.  From 
expression  (2.43)  it  is  possible  to  obtain 

F (4  5)  = sin  (0  ct  6),  F'  (0  _!.  6)  = cos  (0  ±:  6), 


where 


cosA  = «sin5,  tg  5 = 


sin«  = -. 


K I + /!» 


r-  , cos  A = 


y'l  + /!« 

After  substituting  these  expressions  with  9=0  into  formulas  (2.41) 


and  (2.42),  we  find  the  real  and  instrument/tool  sensitivity 

8"68#,1 


' — y^  8,G8S, 


•In2»  — hLsIn'l 


»ln21  —iLilit'i 


(2.14) 

(2.45) 


The  strength  of  field  E,,  and  E„h  have  a aiaiaun  with 
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'K.^0onT  — , --  tlT^ 


or  ’.’ith 


^onT  — 


_ tL-^V  (&/.)» -Kl7.3<ii.)» 


(2.^0) 


I7,3(i6, 

T!i3  *iniauB  stren<jth  of  field,  which  corresponds  to  the  best 
real  sensitivity,  will  be,  considering  AL  = 1 dB: 


M«a 


— Eaoe  ^ - 


(I7.3(j8,)»  - I ■ 


(2.47) 


Respectively  for  ainiaua  instr ueent/tool  sensitivity  it  is  possible 
to  write 


Eiiu.hBB E»flc  1/  ,/■ , 

Y K 1 + (ir.aue,)*  — : 


(2.48) 


Page  5i  . 


In  Fig.  2,15  is  construcrted  the  dependence  C,,/1:iium  on  angle 
equal  to  audibility  2e q at  different  values  of  n and  with  AL  = 1 dB. 
In  this  same  figure  is  represented  the  same  dependence  -fii:-  on  20o 
with  direction  finding  on  the  miniicum. 

From  the  figure  one  ca.”.  see  that  tha  sensitivity  witn  mininua 
direction- f ind i ng  method  proves  to  be  abo ve  less)  at  small  angles 
of  the  equal  to  aidihility.  At  large  angles  of  the  equal  to 

audibility,  on  the  contrary,  is  more  favorable  the  cojpacison  method. 
Ibis  same  conclusion/derivation  can  be  otherwise  expressel  as 
follows:  in  the  large  ratio  of  the  strength  of  the  field  of  signal  to 
the  noise  field  intensity  for  direction  finding,  is  more  favorable 
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minimum  method,  In  small  ratio  of  the  strength  of  the  field  of  signa 
to  the  noise  field  intensity  - comparison  method. 


Fig.  2,16.  Depeniance  of  angle  of  egual  to  audibility  an  interference 
le  ve  1 . 

Key;  (1).  fliniius  method. 


Page  *17. 

From  the  axajination  of  formulas  (2.31),  the  relating  to 
direction  finding  on  the  minimum,  and  formulas  (2.41)  ani  (2.42)  for 
an  equisjjnal  method  follows  that  in  both  cases  with  the  assigned 
accuracy  of  reading  (A9)  the  sensitivity  of  radio  diraotion  finder 
depends  on  the  following  factors;  the  sensitivity  of  recorder  (the 
hearing  aid  of  operator),  the  slope/transconductance  of  radiation 
pattern  near  the  value  of  angle,  which  corresponds  to  the  minimum  of 
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reception,  ani  from  i t ter Eetencc  level.  In  the  case  of  equisignal 
method,  has  a valjo  also  the  amount  of  the  mutual  displ jcjment  of 
radiation  pattarns.  The  effect  of  last/latter  factor  was  already 
examined. 


The  sensitivity  of  radio  direction  finder  is  iaptovad  with  an 
increase  in  the  s 1 o pe/t  ra  nscon  duct  ance  of  radiation  pattarn  F*  19), 
i. e. , during  the  a p pi icat ion/use  of  the  highly  directional  antenna 
systems.  A def  icia  ncy/ lack  in  such  antenna  systems  is  an  which  is 
inherent  in  them  multitude  of  directions  of  zero  receptios,  which 
leads  to  indetar  ai  iiaiicy/uncortainty  with  the  reading  of  bearing.  This 
indeterninancy/unrerta inty  can  be  removed  by  finding  the  main  lobes 
of  radiation  of  the  sign/criterion  of  the  greatest  intensity  of 
recept  ion. 

On  snort  and  especially  on  aediuo-fr equency  waves  the  execution 
of  the  rotatable  highly  directional  antenna  systems  is  extremely 
hindec/ham pered  also  in  certain  cases  virtuallv  impracticably,  since 
the  si ze/d imension s of  antennas  with  acute/sharp  radiation  pattern 
must  be  great  in  comparison  with  wavelength. 

The  use  of  tie  pencil- beam  antennas  in  usual  gonioietric  system 
is  impossible.  In  § d.  11  are  given  the  descriptions  of  the  methods  of 
use  by  a motionless  antenna  of  systcai  with  acutt-./shacp  radiation 


t 


C 
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pattern  for  direction  rinJinq.  with  the  shoitening  of  wiVjlength,  th?  1 
si ze/dimen sions  of  antenna  systens  decrease  also  on  altra  short  ' 
waves,  especially  into  the  ranges  of  cicrowaves,  highly  directional  n 
the  rotatable  dir ec t io n- find Lnq  antennas  prove  to  be  easily  feasible,  j 


For  lowering  in  the  interference  level  both  external  and 

■V 

internal  the  passband  of  the  frequencies  of  the  receiver  aust  be  made  1 

narrowest  possible.  It  is  necessary  to  Jteep  in  mind  that  the  I 

j 

effective  bandwidth,  entering  formulas  (2.39)  and  (2.91),  must  f 

consider  the  selectivity  of  the  hearing  aid  of  observer.  The  ^ 

5 

character  of  noisa  in  telephone  with  the  contraction  of  passband  d 

i 

changes,  approaching  the  simplo  tore,  whicn  coincides  with  the  tone  ^ 


of  signal,  which  impedes  the  d i scrioinati  on  of  signal.  For  the  ^ 

3 

indicated  reason  the  passband  of  auditory  direction  findar  can  be 
accepted  by  the  approximately  egual  to  100  Hz  independent  of  the 
passband  of  radio  engineering  circuit. 


Page  53. 

The  latter  nevartoeles.s  must  be  naie  narrowest  possible  Cor  a 
decrease  in  the  interferences  from  radio  stations. 

i 

The  ways  of  a decrease  in  the  resulting  noise  field  intensity  - 

are  examined  into  ^2.5.  ' 


i 


a 
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2,9.  Sensitivity  with  direction  finding  on  the  aininui  of  the  depth 
of  fflodulation. 


Modulation  jf  signal  whose  depth  depends  on  bearing,  is  realized 
by  the  addition  of  the  modulated  voltage,  which  enters  frop  the 
directional  antenna,  for  example  the  franeworlc,  with  voltage  from  the 
omnidirectional  antenna,  see  Fig.  2.9).  The  block  di.agrai  of  radio 
direction  finder  is  represented  in  Fig.  2.17.  If  E is  strength  of 
field,  A,,—  the  affectiveness  of  the  framework,  — the 
effectiveness  of  antenna,  *|iy  and  *»y—  the  traosaissioa  gains  of  a 
•odula tion -ampl if i er  e g uipment /device  of  framework  and  amplifier  of 
antenna  respectively,  Q/2ir  - modulation  freguency,  w/2r  - signal 
frequency,  then  at  the  point  of  the  addition  of  the  voltages  (at  the 
input  of  h igh-freguency  amplifier)  we  will  obtain  voltage  from  the 
frame  work 

u,,  = y 2Ek,fi,,jF('>)sinOl  sin»^ 

and  voltage  from  the  antenna 

«,  = K 2E*,ft,,sin  »/. 
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Fig.  2.17.  Block  liagcai  of  radio  direction  finder  for  direction 
finding  on  the  minimu!'!  of  the  depth  of  modulation. 

Key:  (1).  Framework.  (2).  Amplifier-modulator  of  the  frajework.  (3) 
Antenna.  {'*).  Genarator  of  L.F.  (5).  Detector.  (6).  Amplifier  of 
antenna.  (7).  indicator. 


Page  59. 


The  total  voltage 


= / J I + f ('i)  sin  ft/ J sin  — 
= 1/  2^C'c(l +A1sinfl/jsini»/ 


(2.49) 


is  the  modulated  j scil  lation/vibrat  ion . The  depth  of  modul.^tion. 


which  is  the  function  of  bearing,  is  equal  to 


I 


_-g 
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Alonj  with  signal  at  t input  of  a modu  la  tloD- j a pit  f ie  r 
equiprapt; t/do vice  of  fraaowork  and  amplifier  of  antenna,  will  operate 
noises  and  interferences  the  spectral  density  (on  voltajej  and  (?na 

resppcti  vely: 

<3ni>  — 

«..=/  c+w’’ ! 

where  — the  spectral  density  of  inherent  noise  at  th*  input  of  a 
Bodulation-aaplif ier  e^uipraent/dew ice  of  the  framework; 


/ 


•>  -d**; 


3mtL~  the  spactral  density  of  inherent  noise  at  the  input  of  the 
amplifier  of  antenna; 

j 

J 

A - the  spectral  density  (on  the  rtren'jth  of  fisll)  of  outside 
interferences. 


Inhereiit  noise  in  the  channels  of  the  tramework  and  antennas 
originate  from  different  sources  and  are  statistically  inlependent. 
Outside  interferences  with  certain  approach/approximation  let  us 
examine  just  as  statistically  independent  variables,  in  view  of  the 
fact  that  directional  characteristic  ot  the  framework  an!  antenna 
completely  different. 


Page  60. 
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The  resultinj  noiso  volta<jt>  and  interferences  on  tha  input  of 
hi<jh-f requency  **plitiec  will  be  equal 


t/noM  = / 


where  the  effective  (is  noise)  passbani  of  high-frequency 
aaplif  ier. 

Tr p rol at i on  3 h ip/r at io  or  the  voltage  of  signal  anl  noises, 
deteriuined  by  foraulas  (2.‘i'y)  , (2.‘il),  will  be  preserve!  at  the 
output  of  linear  h ign- f reguency  amplifier,  i.  e. , at  the  input  of 
detector. 


For  dotecaiiing  the  rclatio:;  of  the  voltages  of  signal  and 


noises  on  the  output  of  detector,  we  will  use  formula  {2.7^), 

F(9) 


l'.  .u._ 


r A1 


"■-l/ 

'(  ..■■-K  -in,, 


, / ' 
V ' + 


Substitution  into  this  fomula  of  value  and  L/,,„m  according  to 

(2.49)  and  (2«51)  gives 

Y7  F>r(8) 


A 


(2.52) 


The  low-frequency  stress  coirpuiient  of  noise  on  output,  apecating  on 
indicator,  they  will  cause  chaotic  beat  of  the  pointers  whose 
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root-mean- square  n,,,  value  is  proper t iona  1 L',, nui  The  voltage  of  signa’ 
will  causa  systeaatic  throw  of  pointer  a,  proportional  Uc-  observer 
notes  the  throw  of  pointer,  caused  by  signal,  if  it  ijt  too  little 
relative  to  chaotic  oscillation/vibrations,  i.e.,  with 

tt  ^ . Q 

mux 

where  C - the  coefficient  of  discer nability  and  in  experimental  data 
is  equal  to  0.5-1.  For  determining  sensitivity,  i.e.,  the  minimum 
strength  of  field,  which  eisures  a sufficient  coefficient  of 
discerr.dbi  li  ty  during  the  assigned  divergence  of  the  fraaawork  (9q 
from  the  position,  which  corresponds  to  the  bearing  with  which  r (fl) 
= 0,  is  decomposed  by  F {0)  in  Taylor  series,  being  liiited  to  the 
first , by  the  * erm 

where  O5  is  small  deviation  of  angle  9 from  zero. 

Page  61. 


Lc't  us  designate 


r B. 


/2  e.fqo) 

and  is  bo..vta  equation  (2.S2)  relative  to  E 

*'i + 'I'/i.  (ci+ 

y — ■'  s 


- (2..>l 


Le*-  us  examine  th;  effpc*-  of  different  factors  on  sensitivity.  A 


DOC  = 77223203 


PAGE 


J 

ji 


/6U 


decrease  in  the  tlrst  factor  under  radical  sign  can  ba  reached  by  an 
Increase  in  the  effectiveness  of  the  frameworh  and  antenna.-  Copying 
this  factor  in  tha  expanded/scanned  fora*  ua  obtain 


An  increase  aad  A.  is  expedient  until  the  voltages  of  the 
inherent  noise  of  the  channels  of  the  framework  and  antenna, 
converted  into  the  circuit  of  the  framework  and  antenna,  become  small 
in  comparison  witn  outside  interferences.  This  conclusion/dec iva tion 
coincides  with  analogous  conclusion/derivation  for  direction  finding 
in  the  minimum.  With  the  predominance  of  outside  interferences,  it  is 
possible  to  consider  that 

el, 

",  *« 


Formula  (2.'i4)  will  take  the  form 

(-’.54') 

*(■  V M, 

Figures  2.18  depicts  the  dependence  of  sensitivity  on  tie  modulation 
factor  at  the  different  values  of  parameter  Cq-  The  required  strength 
of  field  sharply  descends  wi«-h  an  increase  in  the  modulation  factor 

up  to  Ho  = 1. 


Page  62. 
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with  thG  further  increase  Hq,  is  observed  either  aininui  E at  the  low 
values  C(,  or  the  slow,  smooth  decrease  E at  the  large  values  Cq. 

Hence  it  follows  that  is  expedient  to  select  No  equal  to  1-1.5.  The 
large  values  Ho*  laving  little  effect  on  sensitivity,  are  unfavorable 
in  other  respects  (see  ^ 8.1). 


With  that  which  was  assigned  Nq  the  sensitivity  is  iaproved 
during  a decrease  in  parameter  Cq.  Prom  formula  (2.53)  it  follows 
that  for  ieerjase  Cq  it  is  necessary  to  utilize  the  narrowest 
possible  frequency  band  in  low  frequency,  and  also,  if  this  is 
possible,  to  incraas*^  mutual  conductance  of  directivity.  Usually  in 
this  type  radio  direction  finders  F (0)  = sinfl  and  P*  (3)  = 1. 


The  given  results,  obtained  on  the  assumption  that  oredoainate 
outside  interferences,  retain  their  value  also  for  that  ojse  when 
predominate  inherent  noise. 


If  we  accept  in  accordance  with  the  given  considerations  Mo  = I# 
Cq  = 0.25-1  and  C = 0.5,  then  teal  sensitivity  will  be  expressed  by 


the  formula,  obtained  from  expression  (2.54') 

E,.-  = 


1*1, '7 


Passband  B„  l»  dateemined  by  all  circuit,  following  after  detector. 


Including  the  band  of  the  susceptibility  of  indicator.  Tho  latter 
quite  frequently  determines  the  resulting  paaaband. 
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Fig.  2.18. 


1 


O.s  t I,s  2 

Depenisnce  of  sensitivity  on  modulation  faotoc. 


Page  63. 


2.10.  Sensitivity  with  direction  finding  by  phase-difference  method. 


The  measurement  of  phase  consists  always  of  the  comparison  of 
two  oscill at ion/v i brat  ion K a phase  difference  of  which  La  determined 
It  is  possible  to  distinguish  two  cases:  1)  one  of  the 
oscillation/vibrat ions  it  is  virtually  free  from  interferences  and 
only  tJ.e  second  is  accompanied  by  inte  rfa  rences,  2)  both 


■Wi 
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oscillation/vibnt  ions  contain  bath  the  siqnal  and  tha  ir»t  erferenses. 


Let  us  examine  the  first  case.  It  is  known  that  noisa  voltage 
can  be  presented  is  oscillation/vibration  with  random  amplitudes  Un„s, 
and  random  phases  'Th"''  Density  distribution  of  the  probability  of 
amplitudes  follows  Rayleigh's  law,  and  phases  are  acoaptai 

eq uiprobabl e.  Stoce/adding  up  the  voltaga  of  signal  aal  disturbing 
voltage,  we  obtain  the  resulting  voltage  with  phase  displacement  V 
relative  to  signal  (Fig.  2.19).  It  is  obvious  that  value  \\-  is  also 
random  variable.  Probability  density  of  its  is  determiaad  by  formula 


[2.2] 


where  q is  ratio  of 
disturbing  voltage; 


( ^)  = lb  cos  e"*’ 

actual  stress  of  signal  to  the  effective  value 
f ( )/ 2(7  cos  — Laplace  function. 


of 


With  weak  signals  (q  « 1),  expaiiding  Laplace  function  in  a 
series,  it  is  possible  to  obtain 

W (0)  — ^ 

Average  value  il'  is  equal  to  zero,  and  the  r oot-mean-squa re 
de  V iat ion 

(2.r.r.) 

with  powerful  signals  (q  >>  1),  utilizing  an  asymptotic 

representation  of  Laplace  function,  we  obtain 

rc;). 
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Page  6A. 

Distribution  nocatl  relativelf  vlth  sean  deviatioa  vcp  * 0 and 

vitb  the  coot*BeaB>sgaace  deviation 

= (2.56) 

The  dependence  of  root-aean-sguare  deviation  «t  froa  g with  respect 
to  foraulas  (2.55)  and  (2.56)  is  represented  in  Fig.  2.23.  The 
Section  between  the  fields  of  the  applicability  of  both  foraulas  is 
interpolated.  In  the  case  in  guestion  the  obtained  deviations  of 
phase  nnder  the  effect  of  noise  voltage  are  full  deflections,  since 
the  phase  of  the  second  oscillation  is  rigid. 

Zo  the  second  case  the  phase  of  the  second  oscillation  is  also 
subjected  to  divergence.  The  resulting  divergence  grov/rises. 
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Mj.  2.20.  oop.Bd.nc.  at  the  coot-ieen-squere  Oeei.tian  of  phase  ftoa 
tie  relattooshlp/tatio  of  the  .oltages  of  si, eel  eed  aoise!  1 elth 
w«a(c  signals;  2 - with  poverfal  signals. 

( t)  legal 

Page  65. 


With  the  powerfol  signals  when  the  distribution  of  the  ieriatlons  of 
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phase  Boraal,  coat-aean-sguare  deviation  gcow/risee  oace: 

^oaputatlon  nf  coot-aean'-Bgaaro  deviation  with  wesic  signals 


gives 


>,  = )/  X- 


The  iependeise  af  the  coot'Bean>8quare  deviations  of  phase  froa 
the  relation  of  tie  voltages  of  signal  and  noise  foe  the  second  case 
is  also  represented  in  Pig.  2.20. 


A phase  difference  of  signals  will  cause  during  caasarenent 
offset  of  arrotf/pointer  a,  but  deviations  obtained  above  will  cause 
beat  of  pointer.  As  a result  of  the  inertness  of  neasuriag  neter  to 
it*  will  operate  those  spectral  cosponents  of  the  deviations  which 
lie/rest  within  the  liaits  of  its  band  of  susceptibiiitr  Thus* 
root'aean'sguare  throw  of  pointer  as  a result  of  the  effect  of  noises 
will  be  proportioaal  to  the  root-sean'-'sgaare  deviation  of  phase  and 
to  square  root  of  the  relation  of  passbaods  after  and  to  phase-aeter 


cell/elesent 


' r 11. 


ERDPOOTNOTE. 
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*.  This  coDsldecation  la  correct  with  poverfal  sigoals  wb»n 
deviatlOBs  of  phase  follow  aoraal  law.  With  weak  signals  aecause  of  a 
change  In  the  fora  of  the  spectrua*  the  given  relationship/rat io  is 
approxieated.  bidpootmotb. 


Obsecwer  will  note  systeaatic  deviation  when 

where  C * the  coefficient  of  discernabilitf  whose  value  can  be 
accepted  agaal  to  O.S>1. 

Taking  into  account  that 

E _ E _ 

and  utilising  (2.55)«  (2.56),  (2.57),  (2.58),  we  obtaia  tae  foraolas, 
which  deterslna  sansitivity. 

Page  66. 

For  the  first  case  (one  of  the  oscillations  it  is  free  fcoa 
interf«:ences) : 


® signals* 


DOC  • 77223209 


PAGS 

/fS 


B 


Cg.„.  /gBT 

/2+t 


1 

«itb  po««tfal  signals. 

(2.59) 


Poc  ths  sacood  case  (both  oscillations  contain  intacf erences) : 


B ■ (?noM  ^ sith  eeak  signalSr 

g . h'"‘Y?3.*-c  sith  powerful  signals.  J 

(2.60) 

The  aeasurei  phase  difference  is  approsiaately  proportional  to 
the  bearing 

pealing  factor  can  be  sore  than  unity.  After  substituting 

* 

into  foraulas  (2. 59)  and  (2.60)  kn\  instead  of  <f„  let  us  deternine 
the  sensitivity  of  direction  finder. 


2.1*.  Sensitivity  of  two-channel  radio  direction  finder. 


The  noise  voltages  in  two-channel  radio  direction  fiader  enter 
op  plate  X and  T of  cathode-ray  tube,  as  is  evident  froe  Pig.  2.13, 
it  is  separate  froe  channels  1 and  2 respectively.  Boise  voltages  are 
the  randoa  variables,  distributed  according  to  noraai  law.  According 
to  this  sane  Lav  are  distributed  the  deviations  of  focus  along  X-azis 
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and  r,  proportiooil  to  th«  appropriate  voltages. 

Page  67, 

lo  the  absence  of  the  signal  of  the  probability  of  the  iariation  of 
values  X and  y,  are  respectively  equal  to 


Wiy)- 


K2n« 


1 


(2.r.i) 


where  end  ace  the  root-aean- square  deviations,  poportional 
to  the  appropriate  noise  voltages. 


Probibility  that  the  focus  will  have  coordinates  r and  y,  will 
be  defiael  as  coabined  probability  of  two  events*  the  probability  of 
each  of  which  is  letersined  by  foraolas  (2.61).  It  is  possible  to 
count  that  the  noise  voltages  in  two  channels  are  statistically 
independent  and  coabined  probability  is  equal  to  the  product  of 
particular  probabilities*  i>e«* 


-(-7  * 

U7(x.y)  = U7(^)Ur(f,)==^e  (2.62) 


let  us  deteraine  locus*  the  probability  of  reaaining  at  which  is 
constant.  This  will  be  also  the  geoaetric  place  of  the  ooints,  aean 
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r«t*ntlon  tiae  at  vhich  the  trace  of  electcoa  beae  is  ijastlcal. 
Since  the  brightaess  of  point  on  screen  is  proportional  t>  tine  of 
cenaining  on  it  of  electron  bean*  locos  in  goeetioo  will  ne  curve 
equal  to  brightness. 


Proa  foraola  (2.62)  it  is  evident  that  the  probability  will  be 
constant,  when 


This  eqoatioB  of  ellipse. 


Page  68. 


If  channels  ace  coapletely  identical,  the  effective  values  of  the 
noise  voltages  in  both  channels  equal  to  <■  « end  ellipse  is 

converted  into  the  circuaference 

laage  on  the  screen  of  cathodeTay  tube  sill  represent  circle  with 
the  brightness,  atziaua  in  center  and  which  gradually  decreases  along 
a radius.  If  we  to  plates  feed  direct/constant  voltages,  the  calling 
deviations  Xq  and  Yq,  the  center  of  circle  will  nove  into  points  Xg# 
Yo.  But  if  we  to  plates  feed  the  voltages  of  the  signal 

Ur  — Ut  COS  'i  sin  »>/, 

U^  — Uc  sin  Osin u>f. 
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the  canter  of  cic;la  will  be  a'oved  on  the  straight  line  whose 

paraeetric  equations  will  be 

-V  — a ctisOsin  W, 

./  a sin  h sill  W, 

and  angle  of  inclination  relatiwe  to  y axis  is  equal  to  bearing 
Inage  on  screen  will  be  appcoxlnately  rectangle  with  the  laainous 
intensity,  which  decreases  on  perpendicular  to  its  center  line. 
Bearing  is  counted  off  on  center  line  of  rectangle.  Because  of 
indeterninancy/uncertaint y (it  is  nore  precise,  to  absencs)  the 
boundary  of  rectangle  the  reading  of  bearing  is  condocted  with 
certain  error.  The  naxinua  length  of  rectangle  is  equal  to  a.  If  we 
the  width  of  rectangle  conditionally  rate/est inate  by  value  ?u,,  that 
naxinua  possible  error  will  be  expressed  as 

The  bean  deflections  on  the  screen  of  cathode'^ray  tube  are 
proportional  to  tte  conducted/supplied  to  plates  voltages,  and 
receiver-anpllflar  device  is  linear  systes.  The  value  of  the  linit  of 
error  can  be  expressed  by  the  relation  of  the  voltage  of  signal  and 
noise  on  the  input  of  the  receiving  indicator: 

(2.63, 

Experiaent  shows  that  the  nean  error  conposes  approxleatel v one  the 
twentiieth  fron  angle  2Ado,  if  we  beyond  the  arbitrary  boundary  of  the 
width  of  strip  on  screen  accept  square  sean  pm. 
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2.12.  Intecfecanca  shieldiog  of  radio  direction  flndac. 

Oaler  tb*  affect  on  the  radio  direction  finder  of  two  signals^ 
fundaaental  and  airing,  readings  of  bearing  for  a funiiaaital  signal 
can  change. 

Tha  ability  of  radio  direction  finder  to  preserve  within  known 
liaits  his  accuracy  in  the  presence  of  interference  he  is  called  its 
interference  shielding. 

Tha  interferaace  shielding  of  radio  direction  finder 
characterizes  vbe  noise  field  intensity  which  causes  the  error,  which 
does  not  exceed  the  peraissible  value.  The  higher  the  noise  field 
intensity,  those,  obviously,  is  better  interference  shielding.  The 
noise  field  intensity,  which  characterizes  interferanca  shielding, 
depends  on  the  strength  of  the  field  of  signal,  value  of  detuning  in 
jaasing  frequency  relative  to  signal  nnd  fros  solid  angla  between  the 
directions  of  sijaal  and  Interferences.  The  noise  field  intensity 
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usaallj  is  assigasd  cslatlva  to  the  straogtb  of  the  field  of  signal 
(in  dD) . Por  the  experiaental  estlaate/eva laation  of  real 
interference  shielding « is  required  the  cospreJteasifs 
ezaeination/inspection  of  radio  directioe  finder*  in  ocdac  to 
establish/install  the  effect  of  the  indicated  factors. 

Interferenca  shielding  has  different  character  on  the  levels  of 
the  signal  and  interferences,  ehich  do  not  exceed  the  linear  range  of 
the  work  of  all  gaasi-linear  cell/elesents  (asplifier  tubes  and 
frequency  convert)  s} , and  in  cases  when  the  levels  of  signal  and 
interference  exceed  the  liaits  of  linearity. 

Interference  shielding  in  linear  (it  is  sore  precise, 
guasiolinear)  loli/conditions  is  detereined  by  resonance  receiver 
response  and  diagras  antenna  directivity.  Thus  far  the  levels  of 
signal  and  interference  do  not  exceed  lisits  of  linearity, 
interference  shielding  barely  depends  on  absolute  sound  level  and 
signal  and  depends  only  on  their  relative  value.  The  relation  of 
disturbing  voltage  and  signal  on  output  is  equal  to  the  sane  relation 
at  input,  Bultipliad  by  the  value  of  the  relative  asplif ication 
factor  with  the  assigned  detuning,  and  it  is  detersined  by  the  fora 
of  resonance  characteristic. 

The  direction  finders  at  which  entire  circuit  of  aapl if Ication 
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and  transfocaatioa  of  signal  can  be  considered  as  linear*  Lnclode 
auditory  and  two-channel  radio  direction  finders. 

Page  70. 


i 


[ 

i 


In  auditory  radio  direction  finders  with  beat  reception*  the 
signal  and  interferences  give  at  output  the  sound  vibrations  of 
difference  freguaacy.  The  hearing  aid  of  operator  distinguishes  well 
the  sounds  of  different  tone.  The  discriaination  of  two  sound  signals 
is  facilitated  still  by  the  "senantiC  selectivity:  operator  is 
distinguished  thee  by  the  character  of  work*  on  the  seasa  of  the 
transeittad  text*  etc.  The  action  of  interference  does  not  cause* 
thus*  systeaatic  error.  However*  powerful  interferences  aask 
fundaaental  signal*  they  inpede  the  reading  of  bearing  and  lead  to  an 
increase  in  the  subjective  (raodoa}  error.  Kith  very  powerful  signals 
the  reading  of  bearing  becoaes  iapossible. 

In  two-chanuel  radio  direction  finders  with  reading  on 
cathode-ray  tuba*  it  is  represented  possible  to  count  off  bearings  to 
signal  and  Intecf ereaces  separately  and  systeeatic  error  because  of 
interference  Is  absent.  This  phenoaenon  be  is  called  "visual 
selectivity"  and  it  is  exaalned  in  detail  in  §8.3. 

In  the  radio  direction  finders  of  other  systeas  receiving 


4 

I 

I, 

> 

i 

A 

\ 

! 

i 
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circuit*  is  BobctAotiallf  nonlinear  celi/eleaent  * datestar. 

Let  as  exaaiae  action  oa  the  detector  of  two  signals 

where  wt,  wt«  P«*  *t  4re  frequencies  and  the  phases  of  tv?  signals; 
Ai,  kg  ara  their  aaplitudes  at  the  input  of  detector. 

Tahiag  into  account  the  selectivity  of  receiving  circuit*  we  can 
record 

^'ini  H"f).  ) 

where  6',„,  u,„  ace  aaplitudes  of  stresses  on  the  input  of 
receiver;  f(w)  ' resonance  receiver  response. 


After  designating  * eg  * de*  let  us  find  aapLitula  and  the 
phase  of  the  resulting  oscillation: 


/'i  + «i  = 5^''' («»i^ -f 'V). 


^ ^ K-!  -r  -f  (d"><'  4-  ?.- • f .)■ 

. , ^ A,  sin  y,  i-  y1,  sin  (Aw/  y,) 

r A,  cos  fi  + Af  cos  +fj)' 


(2.65) 
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Both  asplltule  and  the  phase  of  the  resulting  voltigt  vary  with 
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b«at  frtqoeDcy  Aw.  If  bwat  freqaeacy  lia/cests  oatsiAe  the  paasband 
of  lowf raqaencj  aapliflar  taking  into  account  the  baaJ  of  iraceptioo 
of  indicator,  tha  latter  does  not  reproduce  beatings.  Readings  of 
indicator,  as  is  evident  froa  (2.6S),  they  depend  on  laplitode  and 
phase  of  both  coapoaent  voltages,  which  leads  to  the  appearance  of  a 
systeaakic  bearing  error.  The  coarse  of  the  coapatations  of  error 
depends  on  directLon^f iading  aethod. 

Rithout  giving  Interaediate  lining/calculations,  we  give  the 
results  of  tha  coaputations  of  the  error  with  different 
direction- finding  aethods  in  the  fora  Table  of  2.1.  Table  is 
coaprised  for  the  square  lav  detector  aad  snail  relative  disturbing 
voltage  {hg/kt  <<  1).  It  should  be  noted  that  with  saall 
interferences  the  result  of  linear  detection  gualitativelr  does  not 
differ  froa  the  geadcatic.  *. 


POOTROTB  >.  This  confiraation  is  related  to  linear  inectla-frae 
detector.  Detector  can  be  considered  inertia- free  during  satisfaction 
of  condition  [1.1]. 


AwC  ttRm 


where  c„.  /?„  are  a capacitance/capacity  and  the  load  iapedance  of 


detector.  BMDPOOrROTB 
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Basidea  already  atipalated  aboee  in  the  table  are  acstptai  the 
designations; 

a • an  eccoc#  is  glad;  FfO)  * radiation  pattern;  P*  (9)  - its 
deriTativa  in  tens  of  0;  9t,  9g  - bearings  of  signal  and 
interfereaca;  20,,,  - width  of  radiation  pattern  at  the  level  0.7; 

Ji  (z)  ■>  tie  Bassal  function  of  first  first-order  kind;  2b  - the 
distance  betweaa  two  spaced  antennas;  B *■  the  radius  of  i circle  of 
antenna  location. 

I 

Proa  table  Lb  is  possible  to  sake  folloeing  conclusions  for  the 
radio  direction  finders*  which  use  the  recrified  signal: 

1*  The  beaciag  error*  caused  by  interference*  is  pr>pQttlooal  to 
the  square  of  the  relation  of  disturbing  voltages  and  signal  on  the 
input  of  detector. 

2.  Bearing  error  the  lesser*  the  acute/sharper  radiation  pattern 
or  sore  separation  of  antennas. 


Pages  72  and  73 
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Kty:  (1).  Dicvcti^nofindiag  Bctbod.  (2).  GeBQC«l  forBula  of  error. 

(3).  NazlaaB  arrsc.  (4).  The  angle  at  which  the  error  is  Baziaua. 

(5).  on  the  alnlnuB  of  aodulatlon  factor.  (6).  The  sane  with 
cosinasoidal  radiation  pattern.  (7).  on  the  phase  of  nodalation 
factor:  a)  with  cosinusoidal  radiation  pattern;  b)  with  acute/sharp 
radiation  pattern  P(0)  > with  reading  of  Bazlaia.  (8).  on  the 

phase  of  high  freguency  (radio  direction  finder  with  a cyclic 
neasureBent  of  phase  of).  (9).  on  the  phase  of  high  fcsgaencf 
(iuterferoaeter  with  the  Botionless  antennas). 

Page  74. 

3.  Direction  of  arrival  of  interference,  which  corresponds  to 
its  aazinuB  effect,  that  nearer  to  direction  of  arrival  of  signal, 
the  acute/sharpec  radiation  pattern  or  aore  separation  of  antennas. 

4.  Interfereace  shielding  depends  on  eetbod  of  direction 
finding.  Proa  the  ezaained  aethods  the  best  interference  shielding 
possesses  the  netiod  of  the  cyclic  seasuceaent  of  phase  in  high 
freguency. 

With  powerful  interferences  begins  the  overloading  sf  the 
separate  cascade^stages  of  receiver,  which  leads  to  the  appearance  of 
conbinatlon  and  ccosstalh.  In  these  cases  the  interfsrsact  shielding 
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d«p«Bit8  OB  th«  distribution  of  solactivity  betseaa  tbs  sspsrste 
cBll/elsasnts  of  cecslvec.  This  question  is  exsalned  1b  the 
coBBOB/qeBSCel/total  courses  of  radio  recaptiOB.  sobs  spsslfic 
pbenoaana,  characteristic  to  tvo'channel  radio  direction  finders 
under  the  effect  of  powerful  interferences,  are  eiasined  into  §8.3. 

The  applicatLon/use  of  coBBUtation  or  aodulatioa  of  signal  at 
the  input  of  rsceiver  leads  to  decrease  in  the  interference 
shielding.  Interference  just  as  signal,  undergoes  coaiutation  or 
BodulatioB.  SpactcuB  of  the  switched  interference  consists  of  carrier 
and  a series  of  the  side  frequencies,  distant  in  frequency  fron 
carrier  to  the  values,  to  the  aultiple  frequency  of  coeaatatlon.  The 
voltage  of  carrier  janaing  frequency,  if  it  is  sufficiently  detuned 
relative  to  signal,  is  attenuate/weakened  during  the  passage  of  the 
selective  circuits  of  receiver  and  at  the  output  of  detector  can  have 
the  pernissible  low  value.  At  the  sane  tine  sone  of  the  side 
frequencias  can  hit  the  passband  of  receiver.  The  voltages  of  these 
frequencies  they  pass  through  entire  circuit  of  receiver  vithout 
weakening.  Althoulh  the  voltages  of  side  frequencies  on  the  input  of 
receiver  are  buci  lower  than  the  voltage  of  carrier  frequency,  at 
output  they  can  rander/show  aore  than  weakened  by  selectivity  of  the 
voltage  carrying  of  frequency  and  exceed  the  pernissible  Halt.  The 
spectruB  of  side  frequencies  the  wider,  the  higher  the  frequency  of 
coBButation,  but  the  intensity  by  their  the  greater  thaa  Less  flat  is 
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the  curre  of  coGiutation.  Hith  Bodulatlaa  bj  sine  voltage  with  the 
preservatloD/retsitioa/eaintelniDg  of  cacciec  the  apectraa  contalas 
oDly  in  one  side  fceguency  sniso  and  od  top  froa  carrier.  More 
intense  side  fregaencies  appear  with  coaautation  with  sharp 
transitions. 

Page  75, 

For  a decrease  in  the  interferences  of  coaeutationy  one  should  apply, 
when  this  is  possible,  coaautation  with  the  smooth  increase  of 
tension,  is  appliid  also  the  closing  of  the  input  of  receiver  to  tine 
of  the  course  of  the  transient  processes  of  coBaotatloa.  In  this 
case,  the  interferences  do  not  operate  on  indicator.  For  the 
realization  of  this  aethod,  it  Is  necessary  that  the  band  of  passage 
of  receiver  would  be  considerably  (order  of  10  tines)  Is  lore  than 
the  frequency  of  coaautation. 
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Page  76. 

Chapter  3. 

ANTENNA  STSTBHS  3P  SAOIO  OIBECTIOH  PINDBKS. 

In  radio  diraction  finders  are  applied  the  oaailiraztional  and 
directional  anteaaas.  The  fundaaeotal  paraaeters  of  the  aatennas 
which  Bust  be  detarained  for  the  calculation  of  radio  diraction 
finder^  are  entrj  iapedance*  efficiency,  to  effective  height  >.  and 
directional  characteristic. 

FOOTNOTE  *.  Besidas  effective  height  antenna  can  be  characterized  by 
the  effective  or  absorbing  surface  ([8.13],  h I,  page  227*229). 
ENDFOOTNOTB. 
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polarized  •lestcaaagovtic  field  (vertical  electric  field  ef  wave). 
HoNever,  for  the  licectional  ante&na  it  ia  necesaary  to  :•  tow 
directional  characteciatic,  efficiency  and  effective  taiyat  not  only 
with  the  reception  of  noraal^polarized  electroaagnetic  field  (for  the 
calculation  of  tha  effectiveneaa  of  radio  direction  finder) , bat  alao 
the  saae  characteristics  with  the  reception  of  abnoraal'polarized 
electroaagnetic  field  (for  the  calculation  of  the  polarizational 
errors  of  radio  direction  finder}  (see  Chapter  6)  . 

It  is  aoaetiaes  expedient,  especially  on  VHP,  to  realize 
direction  finding  on  the  horizontal  coapoaent  of  electric  field. 

Ths  siaplsst  antenna  systeas  of  radio  direction  finders  have 
size/dlaensloas  (separation  of  antennas) less  than  wavalength.  Such 
systeas  possess  cosiaasoidal  (figure-of-eight)  directional 
characteristic  sad  are  applied  in  the  fore  of  rotary  or  sotionless 
systea. 

Page  77, 

Analogously  antenna  systeas  with  the  size/dieensions,  greater  than 
wavelength,  also  are  applied  as  rotatable  or  aotionless  systeas. 

The  width  of  the  frequency  band  of  the  direction-finding  antenna 


DOC  « 77223204 


PiGB 

/sf 

is  detscalnttd  by  the  facts  that  at  cut-off  fcsqueaciss  thsy 
datarlocats,  caa^ilDg  the  saiisas  pecslssible  salaes,  seasitivity  and 
the  accttracy  of  radio  directios  fisdec. 

hre  glTon  below  description  and  the  calculation  nf  the 
paraseters  of  tha  antennas,  used  in  radio  direction  finders. 

3.  1.  The  vertical  wire  antenna. 

The  sieplest  antenna  is  vertical  wire.  Bhen  electronagnetic  wave 
during  its  propagation  reac'  antenna,  it  indeces  in  it  »af  of  high 
frequency,  in  conaeguence  of  which  in  antenna  begins  tn  circulate  the 
current  of  the  sate  frequency.  This  current  causes  the 
eaissDon/radlation  of  the  part  of  the  energy  back  into  space.  Both 
processes  in  antenna  • the  perception  of  energy  froa  space  and 
recadiation  of  this  energy  > closely  interconnected  and  ace, 
actually,  the  nanifestation  of  the  single  ability  of  antenna  to 
interact  with  the  surrounding  field.  During  the  study  cf  the 
questions  of  diraction  finding  us  interest  both  processes.  On  one 
hand,  the  vp^tical  wire  antennas  enter  in  nany  instances  as  conponent 
part  of  the  receiving  systee  of  radio  diraction  finder,  tad  here  is 
utilized  their  ability  of  the  perception  of  energy  froa  the 
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progressive  eiectroeagnetic  wave.  On  the  other  handt  ceriliation  of 
antennas  (both  foceing  pact  of  radio  direction  finder  and  not 
entering  it)  prodaces  change  in  initial  eiectroeagnetic  field  and 
thereby  it  can  derange  of  direction  finder.  The  effect  of  reradiation 
of  the  adjacent  antennas  is  exaeined  in  chapter  5. 

Recall  briefly  soae  fundaaental  properties  of  the  vertical  wire 
antennia  (vibrator)  . 

Vibrator  can  be  froe  the  which  interests  as  point  of  view 
approxinately  considered  as  long  line  with  losses. 

Page  7tt, 

Entry  lapedaace  of  this  line  is  expressed 

^nj  = p,  ctll  y/.  (3.1) 

where  pr  is  equivalent  wave  inpedance  of  the  vibrator: 

P»  • the  ware  Inpedance  of  vertical  vibrator;  r ~ propagation 
constant: 

(3.2) 

I 

p„  - decay  constant;  ■ « 2w/X  ~ is  constant  of  phase 


displaceeent 
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In  prnctic*  kre  appllad  syaaetcical  and  aaraaatri;  rlbrati 
(Pig.  3.1). 


Lat  oa  axaaiaa  tha  chacactaristlcs  of  ayaaatrlcal  vibrator.  Th® 
wave  iapedance  of  vertical  syaaetrical  vibrator  in  fraa  apac®  is 
desl5a.a  .t  s.,U  l.ogtl..  ; of  .Ikr.toc  (/<»)  b,  th.  for.ul. 


120 ''in  ~ — 0,69\ 
^ " J 


[3.1  1 


V.  (f.  iceasenikh  i®  proposed  for  any  / approria.tion  foraala 

Pb  - 1 20  0,577).  (3.4) 


where  a is  a cadias  of  vibrator. 

If  vibrator  oonsists  of  several  (n)  vires,  arrange/locatad  in 
circuaference  vit,  a diaaeter  of  D.  then  the  equivalent  diaaeter  of 
vibrator  [3.4]  vin  be 

where  d is  a diaaater  of  wire. 


greater  than  which 

does  not  have  sense  to  Increase  the  nu:.iNer  of  wires  of  vibrator. 


h>  ..  . . jh  a ..■■I'V  liit^iiili  JkiltMi  i'*!!  I •*  larilUil  iillt  ilii  1 liiilllil'itf  ’ t . . nSiti.aaaiiiJhiii^aiailjitf 
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•)  bf> 

Pig.  3.1.  Vlbcatscs;  a is  syasetrical  vibrator;  b is  asytaetric 
vibra tor. 


Pig.  3.2.  Oapendence  of  radiation  resistjoce  of  syaaatclotl  vibrator 
on  relation  {. 

Key:  (1)  ohi.  s 


Page  79, 


The  onpaoitaace/capaclty  of  vibrator  (is  linear) 
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Th«  attenoation 


,/  fin  2m/  \’  ^ ' 

2/n/  J 

vkata  Rt  • tli*  »ffactiv«  caaiataacar  io  cafaranca  to  tba  coccant 
aatinoda,  consiats  of  the  radiation  casiatanca  and 
casistoc/caaiatanca  of  tha  losaaa: 

R»  ~ Ri~h  Rbot  “ Rr  • 

Tha  dapandanze  R^  on  l/x  is  given  in  the  curve  of  PLg.  3.2> 


Roc  lov  valuaa  t/x  < 0*1«  reaistor/resistance  R,  la  designed 
froB  tha  foraula 


/?',=8oo^-^y. 


Eara  R'^  is  cafacced  to  current  in  tha  aiddle  (at  in^feed)  of 
vibrator. 


Page  80. 


The  effective  height  of  eyaaetcical  vibrator,  in  reference  to 


current  in  tha  loop: 


2X  . , ml 

--  „n-  Y 


Th.  affective  height  of  ayaaetrical  vibrator,  in  reference  to 
current  in  its  aiddle: 
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When  the  leajth  9f  Tibratoc  2/  is  close  to  x,  forsula  (3.8*)  it 
is  not  used,  since  in  such  cases  it  cannot  be  proceedal  fron  the 
taken  during  the  ierisation  of  focaula  (3.8*)  sinusoidal  current 
distribution  along  vibrator.  With  21,  close  to  X,  it  is  atcessary  for 
the  calculation  affective  height  to  use  foraula  (3.8), 

Por  an  asyaaetric  vibrator  wave  ispedance  and  radiation 
resistance  will  be  two  tines  less  than  at  the  synnetrical  vibrator  of 
the  sane  sise/diiansions,  i.e.«  for  an  asynnetric  vibrator  it  is 
possible  to  use  the  given  foraulas  for  and  i'>.,  by  taking  into 
account  only  coefficient  of  1/2. 

If  wt  in  (3.1)  substitute  (3.  2) » then  after  soee  traosf  or  nations 
we  will  obtain  for  entry  iepedance  of  ths  synsetrical  vibrator 

a 

sli  i}J  — Eln  2"ii 

7 , 

''ot  — i'o  cli2?„/  — cos  2hi; 

2?./  Sin  7ml 

~h  2,5,/  - col  2/«l  ■ (3-^) 

/(4ore  accurate  results  for  entry  iepedance  of  vibrator  it  is 
possible  to  obtain*  if  we  in  forsula  (3.9)  under  signs  sla  and  cos 
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instead  of  ■ substitute  ka*  where  k depends  on 

Page  81. 

For  • 0-3.35  and  0.65-0.85  foreula  (3.9)  is  slaplifled  and 
assuaes  the  foca 

■?.x  = ~ 

The  value  of  active  and  reactive  coaponents  for  iifferent 
relations  I'l  and  different  values  j>.  are  given  in  Fig.  3.3. 

For  the  asyaeetric  vibrator  of  expression  for  entry  Lapedance  Z., 
they  are  cetainel,  if  p.  is  wave  iapedance  of  asyaaetric  vibrator,  / 
- its  length. 

8heo  it  is  required  tc  consider  effect  on  the  vlbrst>r  of 
adjacent  with  it  vibrators,  they  usually  use  the  nethod  of  induced 
eaf. 

is  is  koova,  to  account  for  the  autual  effects  of  vibrators 
according  to  the  letbod  of  those  induced  by  eaf  to  the  internal 
resistance  of  vibrator,  are  added  the  cesistor/cesistaacas . 
introduced  adjaceat.  The  resistoc/resistance,  introduced  by  any 
adjacent  vibrator  in  the  case  when  currents  in  vibrators  coincide  in 
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Asplitaie  and  phase,  tie  is  called  reciprocal  resistance  of  two 
wlbrators* 


Mutual  iapedaace  of  vibrators  is  detersined  froa  the  designed 
curves  X|t,  Bte  ;3.1,  3«U]. 


V-en  the  length  of  vibrator  is  snail  {!  <i).  it  is  possible  to 
use  tke  approzisatioa  forsulas  for  sntual  iapedaaces: 

„ ^ ra  r cos  mi/  s)nm</,,  ^,,1 

Rn  - T i - ',5,7.-  “ d /»•</’)  . 


A'..—  4 R. 


sin  m</  . coi  mil  ,,  , I /'  (^'d) 


where  d is  a distance  between  vibrators;  R^^=z20/n’l’  * the  radiation 


resistance  of  the  secluded  vibrator  bf  length  /; 
referred  to  current  of  foundation. 


Bit  and  Xia  ace 


Ouriag  the  calculation  of  coupled  inpedances,  one  should 
consider  the  possible  dissiailarity  of  values  and  phases  of  currents 
in  separate  vibrators. 


» 0,1  0,1  0,1  0.1*  OJ  0,6  07 

i 


Fi».  J.J.  D.p«d..c.  .,4  .ibr.tor  >.  c.l.tlo. 

•1th  dlffvcflQt  f- 


K«T:  (1)  (ohi). 

Page  83. 


Xapelaac#.  Ijtr3d«c«d  into  any  (n-») 


antenaa#  in  the  general 


case  vill  be; 
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k,/?tii  cos  4*1  4“  cos  y,  -j-  cos  y,  “f"  • • • 

...  — k,.V„,  sin  — k..V„,sin  V;  — k,,V„,sin  •;»,  — . . . 

• ••  + /( k,/?„,  sin  •>,  k./?„,  sin  •<>,  -j-  k,/?„,sin  -i,  4*  . • . 

...  4-  k,A’,„  COS';.,  4-  k,,V„, cos.;., 4- k,.v„, cos.;, 4- . . .)  = 

4“  nilfC. 

vherft  Rut,  Rut  ~ the  active  coaponents  of  autaal  lapaiiases  of  t^s 

n antenna  with  tlia  1st*  2ndf  3rd  so  forth  antennas;  Afn,,  A'„,.  A'„,  - 
reactive  zoaponeats  of  the  save  resistor/resistances : ki*  k^*  kj  •*  ao 
aaplitude  ratio  of  the  currents  of  the  n antenna  and  the  1st*  2nd* 

3rd  of  antennas;  • the  lead  angles  of  the  phasa  of  current 

into  tiie  1st  the  2nd  and  the  3rd  antennas  with  respect  to  the  phase 
of  current  in  the  n antenna. 

In  hociaootal  plane  the  vertical  vice  antenna  is  oot  dirscted* 
Ue. * by  the  antenna  of  circular  action. 

Bzprassion  for  the  radiation  pattern  of  syesetcical  vibrator  in 
vertical  plane  Mill  be  [3«4] 

n 2P.  COS  (nj/ sill  J)  — cos/n/ 

~ m ~ cos  ^ 

x/ 1 4-  + '^R,  cos  (V,  - 2mH  sin  p).  (3.12) 

fot  an  asyanatcic  vibrator  radiation  pattern  in  vertical  plane 

cos  ? {\^os(ml sin  ?)  — cos  w/j  (1  4-  /?,  cos  y.)  4- 

4-  R,  sin  f,  [sin  (ml  sin  ,3)  --  sin  ml  sin  ,ij}  -i- 
4-  /{[sin(/«/  sin — sin  ml  sin?)  (1  — R,  cosy,)  -j- 

4-  /?, sin  y,  [cos (m/ .sin  ?)  — cos  mi\],  (.3. 13} 


is  expressed 
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where  ^ it  an  angle  of  the  slope  of  a front  of  nave;  B|  - the 
nod ole/noi alas  of  the  coefficient  of  terrain  echo;  *1  > the  argaaent 
of  the  saee  coefCLclent;  H is  a height /alt itude  of  the  center  of  the 
vibrator  above  thi  earth/ground;  B - the  strength  of  field  in  free 
space. 

Page  84. 

The  Cora  of  the  radi«tioo  patterns  of  the  grounded  vertical 
vibrator  of  different  length  with  the  idaal  conducting  aacth/groand 
is  given  in  Fig.  3.4. 

The  range  of  the  use  of  a vibrator  is  detereined  bf  the 
freguencj  properties  of  the  radiation  pattern  end  entry  lapedance. 

With  the  sboctening  of  wavelength,  L.e>#  an  increase  of  the 
relation  /A.  in  vertical  radiation  pattern  appear  ainor  lobes  (Pig. 
3.4).  For  this  reason  relation  they  lieit  by  value  j--  • 

(0.5-a«825) . 
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PiroB  Pig.  3.3  It  follons  that  entry  iepedance  of  ribcator 
changes  ia  the  fast  Halt  inferiors*  the  leaser  the  wate  iapedance  of 
Tibcator,  Va^e  iapedance  decreases  vith  an  lacrease  la  the  cadina  of 
cross  section*  i.e,*  during  the  use  of  thick  vibrators,  ka  can  be 
seen  fron  (3.S)*  the  sane  result  can  be  obtained  if  vibrator  consists 
of  several  vires  of  a snail  diaaetec*  arrange/located  ia 
large'diasetec  ciccuef erence.  The  essential  ekpansion  of  the  band 
coveraga  of  vibrator  is  obtained  also  daring  the  ase  of  vibrators  of 
conical  or  exponential  shape  (Pig.  3.5). 

The  save  iapedance  of  the  conical  vibrator 

?„=■.  138Jg^ctg-|-j. 

vhere  2;>  is  a cone  apex  angle. 
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(V>  (Z) 


I/O/; 


il'- 


HtuMQ  Qhmc*^Hbt^  )<ll  Af*u*^0 

o CD 


0 ’7rr^^y^f^>>>>>  Q/ 

J^0U"O  o*>ff*f*n*i  A^*’'**^  QttffyfMMk' • ^ 


Pig.  3, a.  PertieaL  directional  characteristic  of  the  tertlcal 
grooaded  Tibratoc  depending  on  its  length. 


Ray:  (1).  Length  af  antenna 


TZi 


a) 


Fig.  3.5,  Broadband  of  vibrator  (asyanetcic) : a - cylliarical:  b is 
conical;  c is  exponential. 


Fig.  3.6.  Broadband  planar  syanetrical  vibrators. 


Page  85. 


DOC  • 77223204 


PAGB  MS' 

In  syitetricil  fulfillaeot  ant«nn^.  he  is  called  blzoaical. 

fhe  calculatloa  of  entry  iepedance  of  conical  aataaaa  hare  is 
not  given.  Foe  tht  connection  of  aatenua#  it  is  expedient  to  nse 
feeder  nith  vave  inpedance  p*=Pk-  Investigations  show  ([3.3]»  page 

107|that  for  t;i>30“  KBV  > 0.5  during  satisfaction  of  ezoaiition  , 

1.2,  where  / is  length  forning  of  cone,  i.e«,  Imahc  ^ Nininun 
transsitting  wave  is  United  to  appearance  in  vertical  directional 
characteristic  of  the  deep  ainiauas  feast  the  low  values  3f  angle  $. 
So  that  this  would  not  be,  it  is  required  to  fulf il?  Imuh f hus, 
the  freqaency  band,  overlapped  by  conical  antenna, 

One  Of  the  canes  of  the  biconical  antenna  can  be  replaced  by 
disk.  Discoae  antenna  has  overall  sizes  less  than  biconical; 
frequency  band  of  its  is  soaewhat  less. 

The  value  of  wave  inpedance  depends  on  the  aazinan  size  of  cross 
section,  which  aakes  it  possible  to  utilize  planar  coastructions  of 
vibrators  (Fig.  3.6),  that  have  rectangular  cross  section.  Planar 
vibrator  can  be  aade  also  froa  separate  conductors. 

page  86.  Application/use  wide-range  of  the  vibrators  of  the 

indicated  types  frequently  causes  difficulties  due  to  their  large 
overall  sizes.  The  range  of  the  use  of  a fine/thin  vibrator  can  be 
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expanded  by  the  inclasion  into  it  of  r«".ctive  and  active 
cell/eleaents.  An  exaaple  of  this  antenna  is  giton  in  Pig.  3«7.  The 
cell/eieaents  of  antenna  are  selected  froa  following  considerations 
(7.12]. 

Biarat  aad  eith  those,  so  that  these  cattings 

off  would  be  capacitance,  then  /,  and  /,  it  is  possible  to  replace 
with  the  aqaivalaat  capacitors  C(  and  respectively. 

For  that  freiaaacy  ui/2r  by  which  chain/network  L| Cj  is  inclined 
into  resonanca  (w*|L|C|  =1),  entry  iapedance  at  point  2 will  be 
equal  to  the  wave  iapedance  p,  of  section  /,,  if  B|  * - Ps  and 

* P3C,.  m this  case*  on  shortest  save,  antenna  radiation  is 
deterainal  virtually  only  by  section  /,.  Taking  into  account  the 
requireaent  for  the  absence  of  ainor  lobes  in  radiation  pattern,  one 
should  accept  On  longest  wave  in  eaissJ  on/radliticn, 

participate  the  sections  and  Is  expedient  to  select  — 

in  order  to  ensure  not  too  low  a radiation  resistance. 

During  satisfaction  of  these  coaditions 

Ifuanc  — ^ ^ ^j)  ^ Imhh  “t*  21)111111  = 31)1,1111, 

i.e.  the  aoteaaa  provides  the  overlap  of  triple  wave  band  with 
satisfactory  indices. 


DOC  • 7722320% 


pt6B  >r^ 


Raeaatly  as  range  vibcatoc  la  videlr  applied  shunt  fibrator. 
SatlBCactocy  agraaaent  this  fibrator  pcofides  slthin  Halts  froa 
o-  0.1S«0.17  to  2.  Coosidarations  according  ta  calculation 

^MSfl 


see  [S.UX 
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Pig.  3.7.  Bld»>ritge  antenna  with  the  connected  c^ll/eleeants  B. 

ii 

j-i-i  A 

V f 

Pig.  3.6.  Loop  antenna:  a is  syeaetrical;  b Is  asjaaetri:. 


Page  87. 


In  chapter  7,  ace  described  the  eethods  of  the  erpsneion  of  the 
Hocking  frequency  band  of  the  vibcatoc  by  applying  the  sell/elenente 
of  agcttenent  or  cnapensation  foe  reactance. 


r«~“ 


OOC  - 7722320« 


PAGE  JOr- 


3.2. 


ntsnnt. 


Loop^antttona  is  schesatically  rspressntsd  in  Pig.  3.8.  Ace 
applied  sjraeetrical  aad  aayasetcic  loop^antennas.  Syaeatcical 
loop-anteona  consists  of  two  parallel,  connected  on  end/Leads 
conductors,  acraage/located  at  snail  (less  than  1/10''1/20 
wavelengths)  distnnca  froa  each  other.  Are  distinguished  aperiodic 
and  resonance  loop-antennas.  In  aperiodic  loop-antenna  lato  niddle  of 
one  of  the  conductors,  is  included  resist oc/rssistance  Z,  while  in 
Biddle  of  the  other  - the  input  of  receiver  or  feeder.  Asynsetcic 
loop-antenna  is  toe  half  of  syasetcical.  The  second  half  is 
siippleaented  by  toe  isage  of  the  first  in  the  eartb/gcound. 

Zf  rasistor/resistance  z - active  is  egual  to  wave  loop 

4*^  Pnifl  i 

resistance  ^ that  entry  ispedance  equal  to  wave  ispedance  pui.i  over 
a wide  range  of  waves  (when  X > This  property  of  antaana  is  its 
key  advantage,  since  constancy  and  the  active  character  of  its  entry 
ispedance  Bake  it  possible  to  ensure  good  agceenent  of  antenna  with 
feeder  over  a wide  range  of  frequencies. 

Deficiency/Lacks  in  loop-antenna  are  ssall  efficiency  and 
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dacceaso  of  effective  hei;ht  during  an  increase  in  the  wtvelength* 

Id  resonance  loop«anLoana  ^ * 0*25)  resistor/resist  mice  Z is 

egual  to  zero.  It»  cadiatio.  pattern  the  sane  as  in  siaple  vibrator* 
radiation  resistance  into  four*  but  effective  height  into  two  grooves 
Is  Bore  than  the  corresponding  values  of  siaple  vibrator. 

Page  88. 

ifTith  Z > 0*  Loop-antenna  of  the  heavf-gauge  vires  or  of  the 
tapes  possesses  on siderably  larger  band  coverage  (i.e.  bf  the 
section  of  the  freguencies  vhere  A*  la  close  to  zero  sal  Ru  is 
little  affected)*  than  usual  dipole. 

In  radio  diriction  finders  loop-antenna  can  be  used  as 
csll/eleaent  by  tie  antenna  of  systes  (for  exasple,  in  the  spaced 
antennas).  The  greatest  application/use  of  a loop-anteana  vas 
obtained  in  ultrashort- vave  range. 


3.3.  Loop  antenaas. 


One  Of  the  videspread  types  of  antenna*  used  foe  radio  traffic* 
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is  the  loop  antenna  (fcanework).  In  the  slepllst  foes  whisb  is  the 
fioe/thin  condoctor,  that  has  the  fors  ai  the  locked  plain  figure. 


BlectroBotive  forse  withia  a fraaework  of  a snail  six  e/d  in  elision. 


Let  us  exaelie  the  franewock  of  a snail  size/dinension,  i.e.* 
let  us  assuse  that  the  periseter  of  the  frasenork  is  very  saell  in 
conparison  sith  navelength  and  that  over  entire  length  of  the 
fraseeork  the  current  has  constant  anplitude. 

This  feansvnek  is  eguivalent  to  the  aagnetic  dipole*  directed 
along  the  nornal  to  the  fraaework.  If  the  fraaework  with  an  area  of 
is  located  in  alastroaagnetic  field  with  aagnetic  field  strength  H« 
then  tbs  aagnetic  flux*  which  penetrates  the  fraaework*  will  be 

•l>  — (H«,)  i*5  // (iS  COS  <P, 

where  ni  is  the  uait  vector  of  standard  to  the  fraaework:  # - the 
angle  betwean  unit  vector  and  eagnetic  intensity  H*  u ' aagnetic 
pernesbility  within  the  fraaework. 

Eaf*  inducal  within  the  fraaework*  will  be 
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that  indace  in  the  electric  dipole  (Berti  doublet)  by  length  i 
by  electrical  field  is  egual  to 


£=--{eT). 


Page  89. 


Proe  the  conpacis>n  of  these  foreolas*  it  is  eeident  that  the 
dependence  of  eef  of  the  ftanewock  on  the  the ee>diBen8iona 1/space 
location  of  its  axis  of  relatively  magnetic  field  the  saie  as 
dependence  of  eef  of  the  electric  dipole  on  its  location  of 
relatively  electric  field.  This  analogy  escape/ensnes  of  the 
equivalency  noted  above  of  the  fraaevork  to  magnetic  dipole. 


Onder  the  hacmooic  lav  of  a change  in  the  magnetic  field*  the 
operation  of  di ff arent iation  is  equivalent  to  multiplisatlon  by  ju 

and  formala  (J.  14)  passes  in 

£ — — jioS\i(Hn,)  — — (3.15) 

If  the  fraaevork  is  located  in  the  remote  zone  (zona  of 
emission/radiatloa)  of  transsitter*  magnatic  intensity  caa  be 
expressed  through  the  electric  intemsity 

« = Tfsr'  till!) 

After  subatitutia}  (3.16)  in  (3.15)  and  after  replacing  in  it  w by 
^v3*  10*/X^  and  p (for  air)  by  hrIO*'*  ve  vill  obtain 

E --  - jL  cos?. 


(.'1, 17) 
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Proa  this  foraala  it  Is  efident  that  eaf  within  the  fraaavock  lags  on 
phase  for  1/4  periods  behind  the  stcesgth  of  field*  The  eixiaae  value 
E occurs  with  n > 0 and  it  is  equal 

£m,kc  = E^.  (3.18) 

The  effective  height  of  the  fraaework 


It 


(3.19) 


the  law  of  a change  in  eaf  daring  the  rotation  of  tliv  fraaework 
is  deterained  depending  on  the  angle  between  standard  to  the  plane  of 
the  fraaework  and  direction  of  the  aagnetic  field.  Virtually  in  the 
work  of  the  fraaework  as  direotion-finding  antenna  to  conveniently 
have  the  explicit  dependence  of  eaf  on  the  direction  of  incident  wave 
(sense  of  the  vector  of  Poynting)  with  the  deterained  location  of  the 
fraaework. 


«e4a«eeie4ea 
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Page  90. 

let  us  ezaiioe  the  fcaaevork  whose  plaae  it  is  wertisal#  and 
axis  fores  angle  9 with  X-axis  of  rectangular  coordinate  sjsten.  lo 
plane  ZX,  is  propagated  plane  electrowagnetic  wave,  the  aagnetic 
intensity  of  which  is  detereined  by  foraula  (2.3);  in  it  it  is 
accepted  with  r a 0 

factors  a and  a hate  coepooents: 

rtj,  — .sin  1=1;  0;  n,  - cos?:  --  0;  r=.  ) ; </,  — 0. 

He  will  use  forwula  (3.15). 

Vector  ni  has  coaponents: 

-CDS 6;  n,,—  0. 

The  polacizei  in  plane  incidence/drops  and  perpenliou lar  to  it 

fif'd 

coaponents  //„  a //^  are  equal  to 

U ^ — H <m'\\  //„~/ycos(. 


PAGE 
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where  y is  an  angle  of  rotation  of  the  plane  of  polarisation,  equal 
to  the  angle  between  vectors  of  electric  field  aad  the  vertical 
plane,  which  contains  direction  of  propagation* 

Fulfilling  the  scalar  nultiplication  H and  n,  in  focnula  (3.15), 
we  obtain 

{ - sin  ^ sin '( c*‘  cos  6 cos  Y sin  0)  e'*. 

Reject/throwing  unessential  for  future  reference  phase  factor 
and  again  passing  to  electric  field,  we  obtain 

^ IT-  ^ ''  cos  Y — sin  Psin  Y cos  (3.20) 

If  field  either  is  nornally  polarized  (y  * 0)  at  any  angle  of 
incidence,  or  it  is  propagated  horizontally  (p  » O)  during  any 
polarization,  electronotive  force  within  the  franework  it  is 
proportional  to  sin  9 and  radiation  pattern  has  a fori  of  eight  » 

(F  ig.  2*  S)*  ijtu 

$ — - i E cos  Y sin  0. 

POOTHOTB  ».  If  angle  9 is  is  counted  off  between  the  plane  of  the 
franework  and  plane  ZX  of  the  propagation  of  electroengnet ic  wave, 
then  the  radiation  pattern  of  the  franework  is  proportional  to  cos  9, 


■ 


(i  S is*  i 
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Therefore  it  eas  sailed  the  naee  coslousoidal  directiooal 
characteristic.  BNOFOOTNOTE. 


Page  91. 

By  rotation  of  the  fcanework  ve  can  attain  zero  eef  with  0 « 0.  In 
this  position  the  standard  to  the  plane  of  the  fraaewock  indicates 
the  true  direction  of  wave. 


with  it  is  abnoraalf  but  to  the  linearly  polarized  wares 
which  falls  with  certain  slope/inclination«  we  will  obtain 

E—  — C l/sin*  Ysin’?-r  cos’  T sin  — ^)'  (3--1) 


where 


tgd  = tgTsin?, 


(3.22) 


Radiation  pattern  retains  the  fora  of  eight,  but  the  direction 
of  zero  reception^procedure  is  obtained  when  0 « d,  i. s..  it 
indicates  the  direction  of  the  arrival  of  wave  with  the  error, 
deternlned  by  fornula  (3.22). 


In  the  case  of  circular  polarization  ~ "i*’ 7 ~ fron 


(3.20) 
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I £ I _ V sin*  0-4- COS*  6 sin*?  . 

Baf  to  tha  fcaaewoclc  aonovanishiag  in  which  position  of  the 
fcaaework.  Eitb  • « 0 «•  obtain  the  alaiaan  of  enf 

£H»«  = E^^sinp. 

while  at  0 « 900  . the  saziana 

^htAKC  ^ ^ ““X — 

Page  92. 

With  the  reaiing  of  bearing  foe  audition,  is  obsaewad  tha 
diffuse  ainlnua  (angle  of  the  equal  to  audibility),  but  baacing 
accoc- free. 

In  the  general  case  of  elliptical  polarization,  is  observed  both 
error  and  the  dlffuseness  of  the  aloiaun. 

Blectroaotiwe  focse  within  a fcaaework.  which  consists  of  several 


turns 
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The  electroaative  forces.  Induced  within  the  fcaaewsrk,  ace  very 
stall,  it  is  expedient  to  connect  sewecal  such  turns  consecutieely. 

If  in  this  case  they  desire  so  that  all  turns  would  retain  In  one 
plane,  then  tue  fcaaework  acquires  the  fort  of  spiral  (fig-  3.9)* 

Let  us  suppose  that  the  reverse/! n verse  effect  of  eaoh  turn  on 
the  incoainq  field  is  so  stall  that  it  can  be  disregarded,  and  the 
overall  length  of  wire  considerably  less  than  the  wavelength.  Then  we 
can  each  turn  exaaine  independently,  also,  to  eac/^.apply  foraula 
(3.17);  set/assuaing  e * v/2'*#,  fi  * 0,  wm  have 

_ _ jE  sin  0.  £,  = - /E  sin  0 etc  ' 

Here  Eg,  •>«  ' etf  in  each  turn. 

Resulting  eaf  will  be  equal  to  the  sut  of  eaf  Eg,  Ej  and  of  so 
£octh,f  induced  of  the  separate  turns: 

£ = - y E sin  0 E sin  0, 

.V 

V 5 

where  s„  * an  area  of  the  k torn;  ^ ^ aiddle  area  of 

turn;  M is  a turn  nuaber. 

Page  93. 

The  effective  height  of  the  fraaeworh 
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will  be  in  N of  times  more 

than  tha  effectiva  height  of  one  mean  turn.  The  fraaevorh  can  have 
not  only  spiral  fora.  If  it  consists  of  several  turns,  it  it  is 
possible  to  wind  over  the  lateral  surface  of  cylinder.  In  this  case 
all  turns  are  obtained  identical  size/diaension,  but  ace 
arrange/located  they  no  longer  in  one  plane*  and  thecefora  this 
fraaeeork  is  called  thcee-diaensioDal/space  (Pig.  3.10). 

Under  those  assuaptions  that  they  were  aade  for  the  spiral 
fraaework,  we  Kara  will  obtain  for  the  sun  of  eaf,  induced  of  the 
turns  of  the  fraaework,  the  foraula 

(3.23') 

In  the  case  of  the  three-diaensional/space  fcaaework,  one  should 
take  into  considecation  that  the  wire  of  the  vindiog  of  the  fraaework 
forns  one  coaplete  turn  in  the  plane*  per pendicolar  to  the  plane  of 
the  fundaaental  turns  of  the  fraaework.  aore  graphically  anything 
this  can  be  seen*  if  we  design  the  fraaework  on  this  perpendicular  to 
its  turns  plane  [ i.e.  to  look  to  fraaework  froa  the  side  (Fig. 

3.11)  ],  The  area  of  turn*  perpendicular  to  fundaaental  turna*  in  the 
figure  is  shaded. 


Pig.  3.9.  Hultitacn  spiral  fcaaewock. 


Pig.  3.10.  Three-] iaensional/spaca  fraaewock. 


Pig.  J.  1 1.  Fora  ot  fraaework  on  the  side. 


Page  94. 


Calling  this  area  ve  obtain  enf,  induced  in  the  perpendicular 

turn ; 

tn  " — I - y—  Ecus  6. 


auh^dL' 

^ total  eef  wlthii  the  franewock  will  bo 

.2n 


£ — — /E  y {NS  sir.  0 -j-  5„  h)  — 
- /E  ^ sin  (0  -f-  A), 
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•here 

(3.24) 

fhe  effectite  height  of  this  fceeemck 

^-^^-y'iN'sr+K- 

since  5„  usaallf  is  considerably  less  tJran  NS»  s,,  1-  is  possible 

to  disregard  and  for  the  three>diaensional/space  fraassock  to  apply 
the  foraula 

, •2  ft  NS 

/!,=  —. 

It  is  substantial  to  note  that  eaf  is  turned  in  this  case  into 
tero  aot  with  P » 0 as  for  the  flat/plapa  fraaework*  bat  vhea  0 « A, 

c 

i.e. « at  angle,  on  A arc  tg  different  iron  the  true*  On  the 

eliaiaation  of  the  lateral  receptioo/pcocedure  of  the  fraiesotk.  see 

§ 4.4. 


Effect  of  nonunifota  current  distribution. 


In  radio  dirzction  finders  are  applied  the  fraaework  of  a saall 
size/dinension:  howeTer*  soeetiaes  size/diaensions  are  not  so  saall 
so  that  to  it  would  be  possible  coapletely  disregard  the 


DOC  » 77223205 


PAGE 

/O/ 


nonunifornlty  of  current  along  the  wire  of  the  fcanevock. 


Considering  that  the  Inductance  and  the  capacitance/capacltj  of 
the  fraaewock.  ace  distributed  evenly  on  it  last*  i>e.«  that 
inductance  Li  and  capacitor  Ct  per  the  unit  of  length  are  conatant* 
the  franevocK  (Fig.  3.12a)  can  be  likened  to  long  line  (Pig.  3. 12h) « 
also*  for  research  on  the  process  of  elect conagnetic  vibrations  in  it 
to  use  the  conclusions  of  the  theory  of  long  lines. 


Page  95. 

DisvribQtioa  along  the  wire  of  current  /,  and  of  a potential 
differenca  between  the  appropriate  points  on  two  halves  of  the 

franevork  is  subordinated  to  the  eguations: 

/ / 2c.<r  , 

COS 

2-,  (3.2.-.) 

a the  wavelengths*  which  correspond  to  the  natural  cssonaace  of  the 
fraeework*  ace  deternined  by  the  expression 


where  k is  the  whole  nueuer. 
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is  called  the  natural  wavelength  of  loop  antenna.  The  virtually 
natural  wavelength  of  the  fraaework  is  greater  than  it  is  obtained 
according  to  equation  (3. 26),  as  a result  of  the  ooaaoifoc sity  of  the 
distribution  of  capacitance/capacity  and  inductance  along  the  length 
of  the  fraaework. 

The  current  iistribution  and  potential  also  not  coapletely 
accurately  does  follow  equations  25) . However,  in  the  first 
approxination,  it  is  possible  to  use  these  equations. 

Inpedance  on  terainals  a<-b  of  the  single-turn  fraienork  is  equal 

Z = (3.27) 

where  wave  inpedance  of  the  fraaework}  inductance, 

capacitance/capacity  or';  A,,  - the  coefficient, 

depending  on  the  type  of  the  winding  of  the  fraaework. 

During  great  lengthening,  i.e.,  when  2>l„.  in  expression 
(3.27)  tangent  can  be  replaced  it  with  the  argaaeat 

(•3.2«) 


1 — />  - i<oL,l  -■=  jioL. 


DOC  « 77223205 


<)  b)  ‘ 


Pig.  J.  12.  Praaewsrk  and  equivalent  to  it  line. 


Page  96. 

Coo8i.'quently f during  great  lengthening  the  fraaevork  can  be 
considered  as  luaped  inductance  whose  value  is  equal  to  its  static 
value.  During  a dacrease  in  the  wavelength  the  fraaevork  one  should 
represent  in  the  fora  of  parallel  connection  of  inductance  and 
capacitance/capacity.  The  values  of  inductance  and 
capacitance/capacity  in  duct  with  the  concentrated  constants, 
equivalent  to  the  fuanework,  they  are  called  dynaaic  inductance  (I-?.) 
and  dynaaic  capacitance/capacity  (C„)  On  the  strength  of  focavla 
(3.28) 


Z,„«=  L. 
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Pro«  coBparison  (3.26)  with  fonula  foe  the  aataril  lareleagth 
of  duct  with  the  eoacentcated  coBStaata 

i,  = 2r.  /z;iC^310‘*  = 4/ 


we  find  for  the  sLogle-ttirn  fraaeworh 


LmkIh 


nv. 


(3.29) 


The  radiation  resistance  of  the  fraaework  can  be  found  as 
radiation  resistance  of  Hertz  doublet  with  the  effectire  height* 
deterained  by  foraula  (3.23). 


Resistance  of  the  eaission/radiation  of  the  fraaework  is 
obtained  negligibly  snail*  and  it  can  be  usually  disregarded  in 
coaparison  with  the  resistor/resistance  of  losses.  Pocsalas  for  the 
calculation  of  the  paraneters  of  the  fraaework  are  given  in  appendix 

I. 


TO  account  for  the  effect  of  nonuoifora  current  distribution  on 
the  work  of  the  fraaework*  let  us  ezaaine  the  rectangular  fraaework 
with  sides  a and  b. 


FOOTNOTE  >.  Ourinj  nonunifora  current  distribution  in  tha  fraaework 
of  eaf*  ii  duced  ir.  it*  it  depends  on  the  fora  of  the  fraiework.  This 
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differencs  is  ssaLl.  and  the  obtained  farther  coaclasiont 
approxinately  can  be  propagated  to  the  fraaework  of  any  fora. 
ENDPOOTNOTE, 

Figures  3. 12b  shows  current  distribution  in  the  fraaework  in 
accordance  with  equation  (3.25). 

Xn  the  vertical  sides  of  the  fraaework,  the  current  listributlon 
virtually  is  evenly  and,  that  especially  iaportant,  is  equal  in  the 
right  £d  and  left  ec  sides. 

Let  us  estiaate  the  effect  of  the  dissiailarity  of  currents  in 
the  upper  and  lower  sides  of  the  fraaework.  For  this,  is  increased 
the  current  at  each  point  {t  — x)  of  lower  side,  so  that  it  vould 
becose  equal  to  the  current  in  the  syaaetrical  point  (i)  of  upper 
side. 

Page  97. 

It  is  natural  that  subsequently  we  aust  consider  the 
eeission/cadiat  ion  of  current,  .differing  and  opposite  by  lign  added. 
The  fraaework  with  the  "adjusted”  current  on  its  eaf  is  agoivalent 
previously  exaniaad  fraaework  with  unifora  current  diatributlon,  and 
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to  it  are  used  all  already  obtained  conclusioas.  The  aappleaeotary 
current*  which  takes  place  in  oae  of  the  hocisoatal  sides  of  the 
fraaeeork*  can  be  likened  to  Hertz  doublet,  ie  can  consider  therefore 
that  the  action  of  vertical  sides  is  retained  the  sane  as  daring 
ueifore  current  distribution. 

In  upper  and  lower  sides  the  currents  are  essentially  different. 
Thus,  the  fraaewock  with  nonunifors  currant  distribotios  is 
equivalent  to  the  sane  fraaework  with  uniforn  current  distribution 
and  to  the  horizontal  Hertz  doublet.  Horizontal  Hertz  doublet  will 
participate  in  tha  reception/procedure  only  of  horizontal  conponent 
of  electric  field,  i.i^..  by  abnoraally  polarised  field  conponent. 

Its  effective  height  is  very  snail  and  usually  the  less 
effective  height  of  the  fraaework.  For  ezanpls.  for  the  square 
franevork  (h  » b)  the  ratio  of  the  effective  height  of  dipole  hn  to 
the  effective  height  of  the  fraaework  /ip.  is  approxinatel  y egual 

ft  ^ . fy  Af 

/Ip  ■”  A ~ ‘’“‘it 

and.  in  the  usual  relations  of  Xg/X  0.15-0.5.  is  0. 18-d.  60. 

The  action  of  supplenentary  dipoles  especially  substantially  in 
the  special  circuit  diagrans  of  the  franewock.  intended  for  the 
exception/elioination  of  the  reception/procednre  of  the  horizontal 
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coaponent  of  field  (see  § 37).  Beeanant/cesidual  harefvl 
ceception/proceduee  hIII  be  deterained  pceciselj  by  theic  action. 


3.  Q.  Shielded  fcaaewock. 


Screening  of  fraaevork  consists  of  the  aetal  tabs,  bent  in  the 
fora  of  circle  (or  square)  w ithin  which  is  placed  the  vindi ng/coil. 

For  the  preservation/retention/aaintainiog  of  the  possibility  of 
reception/proceduce  a tube-  screen  it  aust  be  sectioaal  across  (Fig. 
3.13).:  Otherwise  occurs  coaplete  shadowing  and  reception/procedure  it 
is  absent. 

Page  98. 

Such  construction  of  the  fraaework  provides  first  of  all  high 
aechaaical  Its  quality  - the  strength,  watert ightness.  tbs  protection 
of  winding,  especially  iaportant  in  aarine  and  STiation  practice. 
Furtheraore.  the  application/use  of  a screen  provides  the  syanetry  of 
the  winding  of  tha  fraaework  and  contributes  to  the 
exception/eliainat ion  of  antenna  effect  (see  § h.2). 


Under  the  influence  on  the  screen  of  the  fraaework  of  plane 
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electroaagnetic  Mive  in  it,  is  inducad  (as  within  the  uaael 
franewock)  the  elactroaotive  force,  equal  to 

P P ?w5  '' 

/;a  — li— . 

where  S - an  area  of  the  bent  tube  of  screen  (counting  on  its 
centerline),  is  agual  to  the  aiddle  area  of  the  tarn  of  winding:  A is 
a wavelength. 

If  screen  is  closed,  in  it  appear  the  currents  whose  action 
conp lately  coapensates  for  within  screen  applied  field,  and 
recept'ion/procedure  to  the  franework  is  absent,  the  presence  of 
cut/section  in  screen  excludes  the  possibility  of  the  course  of  the 
ring  currents  of  conductivity  in  screen.  Thus,  on  gap  is  created 
potential  difference,  virtually  equal  eaf  of  screen  £3,  since  bias 
current  through  the  gap  is  very  low  and  a voltage  drop  across  the 
inductance  of  screen  can  be  disregarded,  as  is  evident  fron  the 
equivalent  circuit  diagraa  of  screen  (Fig.  3.1b).  the  strength  of 
field  in  gap  will  be 


where  d,  is  a gap  length. 


f 

%- 
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Key: 

(1). 

Pig. 

3.  14. 

Key: 

(1). 

Page 

99. 
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Pig.  3.14.  Equivalent  diagcaa  of  screen. 

Key:  (1).  Gap  capacitance.  (2).  Inductance  of  screen. 


In  each  conductor^  that  is  located  in  gap,  it  will  be  induced  by 


eaf 


£■,  =.-  ic,d,  - F-.,. 


Total  aa£  vithin  the  franewock,  if  its  turn  nusber  is  equal  to 


E -=  ,\'E,  ^ 


2nSN 

rr 


E. 


R,  will  be 
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Conssquently,  tha  effective  height  of  the  shielded  Craeevock  is 
equal  to  its  effective  height  without  screen. 

Hithoat  chanje  reaains  the  inductance  of  the  fraeevock.  The 
shielded  fcaaevork  is  the  systea  of  two  connected  lines:  the  wire  of 
the  fcaaeworJc  and  the  internal  surface  of  screen*  the  external 
surface  of  screen  - the  earth/ground.  Decause  of  the 
coaaunicatlon/coaaection  of  lines*  the  natural  wavelength  of  systea 
is  greater  than  the  natural  wavelength  of  the  wire  of  tha  fraaework. 
grow/rises*  therefore,  the  equivalent  capacitance/capacity  of  the 
fraaework,  and  also  the  effective  resistance  of  the  fraaework  because 
of  losses  in  screen. 

Conclusions  indicated  above  are  accurate,  while  the  natural 
wavelength  of  screen  is  considerably  less  than  the  working 
wavelength.  Thus,  for  instance,  with  artificial  increase  af  gap 
capacitance  voltage  on  it  will  differ  significantly  froa  eaf,  which 
operates  in  the  circuit  of  screen,  and  it  will  be  considerably  aore 
in  the  case  of  tha  tuning  of  the  circuit  of  screen  into  resonance,  in 
this  case,  the  value  of  the  inductance  of  the  fraaework  grow/rises, 
in  practice  the  tuning  of  gap  does  not  find  application/use  in  view 
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of  tho  fact  that  asualLy  the  work  is  aalataiaed  not  oa  thn 
fized/recorded  wave,  but  in  certain  frequencf  band.  Stroct ural/dasign 
execution  of  screen  can  differ  froa  that  which  was  described  aboze. 


3«5<>  Fraaewock  with  ferroaagnetic  core. 


For  an  increase  in  the  effective  height  of  the  fraaevork  within 
it  can  be  placed  the  core  froa  aateriai  with  aagaetic  paraeability, 
which  exceeds  unit. 

Let  us  exaaiae  the  core,  having  the  fora  of  ellipsoid  of 
revolution  and  placed  into  unifora  (constant  value)  applied  field  in 
such  a way  that  the  aajor  axis  of  ellipsoid  coincides  with  the 
direction  of  aagnetic  intensity  (Fig.  3. '5). 

Page  100. 


The  aagnetic  induction  B and  the  strength  of  field  H in  core 
have  within  ellipsoid  constant  values  and  one  and  the  saae  direction, 
which  coincides  with  the  direction  of  the  strength  of  applied  field. 
The  value  of  aagnstic  induction  is  deterained  by  the  foreula 

^ ~ r+  (n  — I (x 
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where  p is  eagnetic  peraeabillty  of  core; 

Ho  ~ intensity  of  applied  field  (when  froa  the  fora  of  body:  ^ 
is  the  deiagnetizatioo  coefficient,  depending  on  the  fora  of  body; 
is  the  operating  aagnetic  peraeability . 


For  an  ellipsoid  of  revolution 


I - «•  / I I t-  « .N 
,1  \^'2'  I - • )' 


where  is  eccentricity  of  ellipsoid;  b and  c • the  large 

and  seaiainor  area  of  ellipsoid. 


With  snail  ascentcicities 


IS  -L — ?. ,» a_  JL.  .1. 

3 IS  ■ 35  T-' 


For  the  sphere 


t ~ 0 a X := 


For  the  strongly  alongated  ellipsoids 

X 2 (1  - In  - 1 ) = -Jt  (In  2k  - 1 ), 


where  k = b/c 
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To  an  increase  in  aagnetic  pecaeability  ii.t  onca  occasponds  an 
increase  in  the  fiow  of  aagnetic  induction  how  nany  tinea. 
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Fig.  3.15.  Ellipsoid  in  unifora  aagnatic  field. 

Page  101. 

If  we  do  not  consider  the  phenoaenon  of  eddy  currents  in  core*  it  is 
possible  to  count  that  the  saae  increase  of  the  flow  will  be  obserwed 
in  the  case  of  variable  field  Hq.  Electroaotive  force  in  the  winding, 
placed  on  core,  also  grow/rises  n.i  once.  It  is  possible  to  count 
that  the  effective  height  of  the  fraaeworh  with  ferroaagnetic  core 
grow/rises  i<.i  once.  Is  introduced  also  the  concept  of  the  effective 
diaeeter  of  the  fcaeework,  i.e.,  the  diaaeter  of  that  air  fraaework 
whose  effective  height  is  equal  to  the  effective  height  of  this 
fraaework: 

D,.,.  D,.. 

During  the  practical  fulfillaent  of  the  f erroaagaatic  fraaework 


to  core  shape  in  the  fora  of  cylinder  with  circular  or  elliptical 
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r* 


1-^ 

r- 

i 

F* 


cross  section.  In  the  first  approxisation,  cylindrical  cot*  by  length^ 
and  by  cross  section  S can  be  for  calculations  replacsd  •Llipsoid  on 
the  condition  that  t = 2b  and  S = »c*. 


ai 

I 


■i 

j 

I 


■j 


The  inductance  of  the  fraaetfork  with  fecronagnetic  care  also 
grow/rtses  approzinately  n't  once. 

1 


If  we  assign  the  space  (or  weight)  of  core,  then  aith  increase 
in  k = b/c  its  cross  section  will  decrease.  On  the  other  hand, 
will  grotf/rise,  since  with  increase  in  k the  deaagnetization 
coefficient  decreases.  The  conbined  action  of  these  tao  factors  is 
led  to  the  fact  that  tbera  is  the  optieua  value  k whose  value  depends 
on  the  peraeability  of  the  aaterial  of  core  and  gcow/cisas  with  an 
increase  p. 


Hith  the  used  at  present  eaterials  the  optlaue  sense  k ^ b/c 
lie/rests  within  the  liaits: 


k,,,,,  — 3 -i- -3  far  the  nagnetic  dieJectrics 


0 

r > 


and 


k Cl  II  T — i 


2";  ferrites- 
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During  the  application/use  as  aatecial  of  a core  sf  asaai 
electrical  sheet  steel  for  the  high  freguencies  at  which  work  the 
radio  direction  finders,  appear  very  large  eddy  currents.  The 
paraaeters  of  the  fraaework  sharply  deteriorate,  in  particular, 
noticeably  it  descends  its  guality. 

Page  102. 

For  this  reason  as  aaterial  for  the  cotes  of  the  fraaework,  are 
applied  the  pressed  powder-like  ferroaagaetic  aaterials  and  the 
ferrites. 

The  aajor  advantage  of  the  fraaework  with  ferroaagoet ic  core  are 
its  saall  size/dlaensions  in  coaparison  with  the  size/diaansions  of 
the  air  fraaework. 

3.6.  Receptioo/pc7ced  ure  to  two  spaced  anteunas. 

One  Of  the  fundaaental  tops  of  direction-finding  antennas  is 
systea  of  two  spaced  antennas  with  the  use  of  differential  eaf. 
Radiation  pattern  of  its  is  deterained  by  the  foraula,  analogous 
(2.13)  : 
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i:  ■-  /2li/i,.r,  (h,  jl)  sill  ^ sin  0 cos  ji  j,  (3.30) 

where  * the  effective  height  of  each  of  the  spaced  aateaaas: 

fi (0#  P)  “ directional  characteristic  of  each  aateona;  2b  « the 
distance  between  intennas;  6 is  an  angle  between  standard  to  the  line 
of  the  connecting  antenna  and  direction  of  propagation. 

This  foraula  considers  the  action  of  vertical  coaponent  of 
electric  intensit^r.  Under  the  effect  of  the  horizontal  coaponent  of 
field*  the  effective  height  and  directional  characteristic  of  each 
antenna  will  be  others*  than  for  vertical  coaponent*  but  factor  sin 
(2irb/X  sin  & cos  3)  * which  is  the  sain  thing  during  the  use  of  a 
radiation  pattern  for  direction  finding*  will  enter  withont  change 
and  into  expression  for  enf*  induced  by  horizontal  field.  This  fact 
is  utilized  in  systee  of  two  diverse  fraaevorfc  (see  § 3.7)  . 

In  the  aajorlty  of  cases,  ace  applied  the  antennas,  which 
consis't  of  vertical  conductors*  free  froa  the  reception/pr ocedure  of 
horizontal  field.  Its  reeanent/residua 1 reception/procsdur e is 
feasible  only  because  of  a structural/des ign  or  circuit  inaccuracy  in 
the  production  of  antennas  and  coupling  feeders.  This  question  is 
exasined  in  chapter  6*  here  we  will  pause  at  the  analysis  of  foraula 
(3.30)  with  the  racept ion/procedure  of  the  vertically  polarized 
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let  us  assuaa  that  each  of  the  aoteanas  is  single  vertical 
vibrator  (Pig.  3.16).  Its  radiation  pattern  does  not  lapend  on  angle 
fl  and  Fj  (0 , » P,  (^)  . 


The  phase  of  resulting  eaf  differs  by  90^  froa  the  phase  of 
field  at  the  center  of  systea.  The  aaplitude  of  indaced  eaf«  as  can 
be  seen  froa  (3.30) « directly  proportional  to  the  effective  height  of 
each  of  the  antennas  and  depends,  fortheraore,  froa  angle  9 betveen 
the  direction  of  propagation  of  vave  and  standard  to  plana  AB,  the 
containing  antenna,  and  also  froa  distance  between  antennas  2b. 
Badiation  patterns  in  the  horizontal  plane  exaeined  systea  are 
represented  in  Fig.  3.17  for  the  different  designating  on  curved 
values  2b/X.  The  character  of  the  dependence  of  resulting  enf  on 
angle  9 changes  during  the  transition  of  value  2b/X  throujh  value  of 
1/2.  Thus  far  2b/x  < 1/2,  i.e. , thus  far  the  distance  between 
antennas  is  less  than  the  half  of  wavelength,  during  a change  in  the 
angle  9,  are  detected  two  aaxiauas  of  value  £:  at  9 « 90^  and  S « 

270^  and  two  ainiauas:  at  9 « 0 and  9 = 180°.  This  is  avilent  froa 
Pig.  3.17,  where  are  represented  diagraas  for  2b/x  * 1/10,  2b/X  * 1/4 
and  2b/X  » 1/2.  The  value  of  eaxiaus  eaf  is  deterained  by  the 


r*;  z-- 
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Pig.  3.i6.  ReccptLon/pcocedure  to  two  spaced  antennas. 


Key:  (1).  Receiver. 


Fig-.  3.17.  Radiation  patterns  of  reception/proceduce  to  teo  spaced 
antennas. 

Page  104. 

This  value  gcov/rises  with  increase  2b/x  up  to  value  2b/X  « 1/2, 
when  we  obtain  a BaziaallT  possible  value  of  esC: 

^waHo  MOKc  — (3).  (3.31) 

a 

During  further  Increase  2b/\,  the  value  of  eaf  for  lirections  90 
and  270*^  begins  to  decrease  and  the  very  character  of 
changes:  the  naxiiua  of  eaf  is  obtained  not  with  two. 


j 

1 

J 


A 

diagraa  1 

i 

while  at  four  \ 

'i 

J 
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values  of  aagle  9 (see  Fig.  3.17,  radiation  pattacns  foe  2b/X  > 3/Q 
and  2b/X  « 1)  deter ainad  fron  tb«  eqaation: 

6 = arc  sin  . 

ilth  a fuetbar  increase  2b/X,  the  radiation  pattern  acquires 
BUltilobed  character. 

The  value  of  naxiaua,  as  before,  is  equal  to  £m»i<cmbno  = 

2E/t,F,Q).  The  aiaiauBs  of  eBf  and  in  this  case  retain  their  position 
at  e « 0 and  180^. 


J 


Let  US  pause  at  the  frequently  encountered  in  practice  case  when 
2b/X  <<  1.  In  this  case  value  2»b/\  sin  9 is  very  low  and  its  sine 
can  be  replaced  by  arguaent.  Then  we  obtain  the  following  expression 
for  enf  of  the  systea: 

= (p)Esin0cos3  = £>,|,„5sin0  £,  (^jeosp. 

Badiation  pattern  in  horizontal  plane  has  a fora  of  sight.  In 
vertical  plane  with  Pi (8)  = cos  8 (short  vibrator)  diagraa  F(8)  = 
cos*  8- 

Page  105. 


Calling  the  effective  height  of  systea  h--  the  naig ht/altitude 
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of  the  dipole  in  Mhich  is  induced  eaf,  equal  to  ■axiaui  »af,  induced 
in  the  systen  of  two  antennas,  ee  obtain 

I^'ni  -r<'r  *c  = 2/i,sin^-. 
n^pii  X ^ “5“  /‘o  = 2/j,. 


/lo  =2/j,. 


Key:  (1)«  with. 


Let  us  deteraine  the  slope/tcanscond uctance  of  the  ctdiation 
pattern  near  froa  the  direction  of  zero  reception/procedure,  which 
frequently  characterizes  the  quality  of  the  radio  direction  finder: 

r(0)=^cos^f,(^). 

Slope/traoscocductanca  increases  proportional  to  the  distance  between 
antennias.  However,  with  ^t/k  > 1/2,  as  it  is  already  noted,  radiation 
pattern  becoaes  aultilobed,  which  leads  to  the  aultifociity  of 
bearinq.  The  analysis  of  systea  froa  the  directional  spaced  antennas 
ia  given  into  § 3.11. 


3.7.  Systea  of  two  diverse  fraaework. 


Antenna  systaa  consists  of  two  identical  fraaework,  been 
connected  in  series,  one  towards  by  another,  and  placed  on  certain 
distance  one  froa  another.  Both  fraaework  are  fastened  on  the  aiis. 
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passing  through  the  line  of  the  syaaetry  of  systea*  anJ  tiey  can 
together  rotate  around  this  axis.  Are  possible  two  wacsioas  of  the 
execution  of  the  antenna  systen:  the  planes  of  the  fraaework  can  be 
oc  are  parallel  th  the  plane*  which  contains  their  axes  (longitudinal 
fraaework*  Pig.  3.18a)*  oc  are  perpendicular  to  it  (tcanswecse 
fcaaework*  Pig.  3.  18b) . 

Onder  the  influence  of  a noraal-polarized  electroaagnetic  wave 
of  eaf*  induced  within  each  fraaework*  it  will  be:  in  the  case  of  the 
longitudinal  fraaework 

.2nS,Vp  . , 

£,  = — / -Y-  EsinO. 

in  the  case  of  the  tcanswecse  fraaework 


h _ ;2nSA^P„  . 

— I Ecos  9, 


where  9 is  an  angle  between  standard  to  the  line  of  the  sannecting 
fraaework  and  direction  of  propagation. 

Page  106. 


Resulting  eaf  in  accordance  with  (3.30)  will  be  obtained  equal 


to: 


E = — a sin  0 Sin  sm  u cos  lij  ;uin  iip()no.iiiiuwx  pnMoK, 

E = E COS  0 Sill  / Y s"i  0 COS  p j /vm  iioiicpciiiwx  paMOK. 
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K*y;  Cl).  for  the  longitudinal  fcaaewock.  (2).  for  tha  transvarse 
fraaework. 


I 


t ^ 

^ »■  ^ 
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If  the  size/1 iaensions  of  the  fcaeework  and  the  distance  between 
thea  are  snail  relative  to  wavelength,  both  fornulas  ace  siaplifled. 
Then  foe  the  longitudinal  fraacwock 


/>  p <>!«5.V(26)  ...  , 

L --  [- sin’  0 ct)S 3, 


(3.:i2) 


for  the  transverse  fraaevork 

t E sin  20  c<«  (3.33) 


The  radiation  patterns,  which  correspond  to  foraulas  (3.32)  and 
(3.33),  are  represented  in  Pig.  3.19. 


The  radiation  pattern  of  the  transverse  fraaewock  has  two 
suppleaentary  of  zero.  However,  this  is  not  created  difficulties  in 
the  deteraination  of  bearing,  since  with  the  direction  finding  of  sky 
waves  suppleaentary  zero  are  obtained  ill-defined. 
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Pig.  3.18.  oivarsa  £raa«work:  a)  longitudinal:  b)  transvecse. 


Page  107. 

Lei  as  exasine  the  effect  abQOcaal>polarited  of  the  coaponent  of 
electric  intensitf. 

If  eaf,  induced  by  abnoceal** polarized  field  coaponent  in  each  of 
the  fraaeMork,  is  equal  to  11,.  then  resulting  eaf  will  be 

2/^r  Ocos  (3.34) 

In  accordance  with  for  aula  (3.20)  during  y *■  90®  and  ■;>„  -o 
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P . 7kSN  r:  ■ a r, 

f-r  ~ t sm  pcos  0 A.ifl  npoaO.lbHHX  paMoK, 

^1  — / — ^'-Esin  psiii  8 A IR  nok^j^MHWx  pavioK. 

: (1)  « for  the  loagitudiaal  froaevork.  (2).  foe  the 

transverse  fraaevork. 

Proa  expression  (3-34)  it  is  evident  that  eaf*  indaced  by  the 
horizontal  coaponant  of  field,  is  tamed  into  zero  at  the  save  angle 
0 » ISO**  at  Mhich  also  it  is  turned  into  zero  eaf,  indaced  by 
vertical  field  coaponent.  Hence  it  follous  that,  although  the 
radiation  pattern  of  the  reception/procedure  of  an  abnnraa l*polarixed 
field  differs  froi  the  diagcaa  of  the  reception/procedure  of  a 
noraal-polarized  field,  one  of  the  zero  directions  (perpea dicu  lac 
line,  that  connects  both  fraaevork)  is  retained  constant/invariable. 
This  fact  deteraines  the  possibility  of  erroc'>les3  direction  finding 
of  sky  waves. 

proa  the  viewpoint  of  the  possibility  of  the  direction  finding 
of  sky  waves,  which  especially  steeply  fall,  is  substantial  also  that 
that  for  a vertical  electric  field  the  fraaevork  does  not  possess 
directivity  in  vertical  plane. 
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Fig.  3.19.  Badiation  pattecns:  a)  longitudiaal  fraaewaclc:  b) 
transverse  fraievnrk. 

Page  108. 

Therefore  the  cecsption/pcocedure  of  the  steeply  incident  waves 
occurs  without  the  weakening  of  the  effect  of  vertical  field 
coeponent. 


In  the  given  analysis  are  not  taken  into  account  the  dipoles, 
equivalent  to  the  action  of  nonunifoca  current  distribution  according 
to  the  perieeter  of  the  fraaework.  The  circuit  diagraa  of  the 
fraaevork  aust  ellainate  reception/procelure  to  these  dipoles  In 
order  to  avoid  the  displaceaent  of  the  direction  of  zero 
reception/ procedure  .nto  the  resulting  radiation  pattern.  VVitb 
the  transverse  fraaework  (Fig.  3.20)  dipoles  are  included  contrarily 
and  are  syffsetrical  earth  referenced.  effect  on  the  dlsplaceeent  of 
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z«ro  directions  is  eliairated.  With  the  longitudinal  fciaevork  is 
possible  their  location  in  accordance  with  Fig.  3.21a  or  Fig.  3.21b. 
iith  location  on  Fig.  3.21a  the  equivalent  doublets  ace  lacladed  to 
towards  each  otheCf  but  their  syaaetry  is  disrupted  by  the 
dissiailar ity  of  location  relative  to  feeder,  Oith  the  location  of 
the  fraaewock  on  Fig.  3.21b  the  equivalent  doublets  are  vertical  and 
included  so  that  their  eef  store/add  up.  Eaf  of  the  equivalent 
doublets  will  cause  the  considerable  displacesent  of  the  ainieuas  of 
radiation  pattern  and,  therefore,  large  errors.  Thus,  one  should 
prefer  the  use  of  the  transverse  fcaaework,  presented  in  Fig.  3,20. 

For  the  exception/elinination  of  the  dependence  of  the 
pacaaeters  of  the  fraaework  on  the  dissiailatity  of  ground 
conductivity,  and  also  on  the  inequalities  of  soil  and  for  the 
exception/elinination  of  antenna  effect  it  is  necessary  to  apply  the 
shielded  fraiework. 

Oecraase  to  a certain  extent  of  the  effect  of  the  asyaaetcic 
location  of  the  fraaework  is  achieved  during  the  application/use  of 
the  so-called  doubled  fraaework  (Fig.  3.22). 
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Pig.  3.  20.  Transverse  fraaework  with  dipales. 

Fig.  3.21.  Versions  of  connectioa/incl usion  of  longitadinil 
fraaework. 

Fig.  3.22.  Doubled  fraaework. 

Key:  41).  To  feeder. 

Page  109. 


These  fraaework  are  attachhed  to  axis  in  the  ceatec  of  gcevltfr 
thanks  to  which  is  iaproved  also  the  aechanical  of  stability  and 
decreases  the  aoaent  of  the  Inertia  of  system  during  its  rotation. 
Hithin  the  doubled  fraaework  decreases  the  haraful  effect  of  the 
action  of  the  eguivaleut  doublets,  since  instead  of  one  dipole  in 


* r.Hjy* 
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thea  is  obtained  vapor,  operating  differentially. 


Such  fraaevork  are  of  interest,  also,  for  single  appl ication/ase 
aboard  ship  [ 10.31. 

-I  * 

% 

' 3.8.  Conbined  reception/procedure  to  the  open  antenna  and  the 

t directed  systea. 


Resides  reception/procedure  to  the  fraeework  in  radio  direction 
finders,  is  applied  the  conbined  reception/procedure  to  the  open 
antenna  and  the  franework. 


Is  feasible  also  the  conbined  reception/procedure  ta  the  open 
antennas  and  tvo  spaced  antennas,  or  to  the  open  antenna  and  to 
gonioaetric  systee.  theory  presented  below  of  the  conbined 
reception/pcoceduce  is  equally  used  to  all  these  cases. 


The  schenati::  of  equipnent/device  with  rotatable  loop  is 
represented  in  Fig.  3.23. 


Electronagnetic  wave  excites  enf  both  within  the  franework  and 

I 


in  the  open  antenna.  The  appearing  in  the  latter  current  in  turn. 
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Induces  eif  in  the  duct  of  the  fcanewocli  because  of  eLtual  inductance 
N.  On  the  grid  of  receiving  tube,  operate,  thus,  two  aaf. 

Enf,  induced  in  the  fraaework  by  inconing  electcoeagaetlc  field, 
according  to  foraala  (3* 24)  can  be  deterained  by  the  eipcession 

A'l,  = — jC.  sin  6 = — /E/j,,  sin  0, 

where  /i„  is  the  affective  height  of  the  fraaewock. 

Eaf,  induced  in  antenna,  is  found  in  phase  with  the  field 

---  E/(,,. 


I'ig.  3.23.  Diagraa  of  the  coabined  recept ion/proceduce  to  the 
fraaework  and  the  antenna. 


/ 

I 
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Cacront  la  the  aotenaa 


PAGE 


/. 


e'’ . 


(3.3fi) 


wheco 


(3.37} 


//j  the  affestlTa  height  of  antenna; 

9,  ttL,  1/wC  - active  and  reactance  by  the  aotenna  of  ciccait. 

Oaciag  conclasion  in  view  of  the  saailness  of 
coaaunication/coaaectioo  the  reaction  of  the  fraaewock  to  aotenna  ve 
disregard.  Eaf.  induced  by  this  cnrrent  within  the  fraitwork,  will  be 

F,,  = /®A/y.  jmM  — e'^  (3.38) 

/a 

Pinally,  resnltiag  ewf  within  the  fcaaework  icon  equations 


(3.35)  and  (3.38)  will  be 
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- - - /E  [/i,.  bill  0 - J'*  c'’  j : 


y/"  ^/;,.slnO— lAI  e'"‘. 

(3.39) 

/l-i 

•»<!(  --  sln'f 

adhere  IK 9,=^ ^ — jr, 

/i,.  »ln  0 — w.M  ~ cotf 

c t 


Proa  expression  (3.39)  It  is  evident  that  eaf  of  bha  frasevork 
consists  of  three  teres: 

1)  eaf,  iadured  directly  within  the  fraeework  and  dapendences  oa 
the  angle  of  iacident  wave  0; 

2)  by  eeft  which  occurs  froa  the  phase  is  coeponaat^tece  carrent 
in  antenna  and  not  depending  on  angle  0;  it  is  found  in  phase  froa 
the  first; 

3)  by  eaf,  which  occurs  froa  the  extra'phase  coapsaait  of 
current  in  antenna  and  also  that  which  not  depends  froa  the  angle  of 
incident  wave;  it  is  out  of  phase  to  angle  r/2  with  respa^t  to  first 
eaf  • 


Page  111 
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For  Larger  clarity  let  ua  exaaine  two  special  cases: 

I ) aaft  supplied  by  antenaa,  is  found  in  phase  fron  aaf*  induced 
in  the  franawork  directly,  i.e.,  a * 0.  This  case  occurs,  as  can  be 
seen  fron  equation  (3.37),  when  antenna  is  accurately  LncLined  to 
incident  wave,  and  therefore  In  this  case,  resulting  enf  is 

equal  to 

E — ~ ;E^/j,,sin  0 — /i„^  = — isin  & — fi),  (J.-IO; 

where  the  ratio  of  enf,  induced  within  the  franework  fron 

R I* 

the  open  antenna,  to  enf,  induced  within  the  fraaework  is  direct. 


Haxiaua  the  aaplitude  of  resulting  enf  reaches,  when  sin  6 » 
i.e.,  9 > 2?0«, 


r o). 


At  the  angle  of  incident  wave  9 * arc  sin  a,  resultlig  enf  is 
equal  to  zero.  It  is  obvious,  such  directions  with  a < ^ will  be  two, 
synnetricil  relative  to  the  direction  oriented  radio  station. 


The  derived  celationship/ratios  are  represented  graphic  on  Pig. 


3.24.  In  the  fore  of  two  concerning  circunf erences,  is  represented 
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P6GB 


heactoahaped  diagcaa  to  tha  fcaaovorlCt  and*  slnca  daciag  the 
transitloa  thcouga  0°  eaf  is  changed  Its  sign,  right  clccuafeceDce  it 
is  sarkad  by  sign  and  left  Beact^shaped  diagcaa  to  antenna 

is  depicted  aa  cLccuafereace  with  center  in  pole  (radias^tector  « 
const).  To  foltage  froa  antenna  is  conditionally  ascribed  sign 


Store/adding  up  taking  into  account  sign  in  each  direction  the 
cadius-eector  of  direct  reception  in  froaeeork  and  radius* vector  of 
reception  through  tha  antenna^  ue  obtain  the  resulting  disgraa. 


eat 

I 
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Pig.  3.24,  RallAtlon  pattern  of  the  combined  reception  to  the 
fcaeevoch  and  the  antenna  (case  of  phase  coincidence). 


Page  112. 

Addition  la  aada  «ith  a » 1/2  and  a > 1. 

on  Pig.  3.25  this  adjustment  is  made  foe  case  of  a « 1.  Phe 
obtained  in  this  case  curve  he  is  celled  cardloid.  In  this  case 

ii  — — 0 — 1). 


Both  directions  of  the  zero  reception  of  the  coabinal  diagram 
are  poured  into  one  at  9 « 90°. 


Bith  a > 1 casulting  eaf,  non-vaaishing  at  which  viLue  9 (pig. 


3.24) 
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Than  lasa  by  a,  th«  aaacar  the  fore  of  the  Oiagcia  of  reception 
to  eight;  than  by  a aore,  the  eore  the  fora  of  diagraa  it  recalls 
circle. 

2.  Eaff  induced  by  antenna*  is  out  of  phase  in  v/2  ralative  to 
its  ovn  frase  aaf*  i.e.«  # * 90^.  This  case  occurs  ehen  antenna  is 
strongly  ietuaed  In  frequency,  since  in  this  case 


and  tg  a is  great. 

To  Pig.  3.26,  is  shown  the  addition  of  the  directal 

characteristics  for  this  case.  Radius«vectors  here  east  store/add  ap 

geoaetrically#  slice  between  then  is  phase  displaceaeat  90^.  The 

■odule/aoiolus  of  resulting  esf  according  to  eguation  (3.39)  is  equal 

to  ^ 

y =-=E/i,,y  sin’O-t-w*. 

(3.-11) 


Pl9.  3.25.  Pig.  3.26. 


Pig.  3.25.  Cardiold. 

’’•y:  (1).  Basulting  diagraa.  (2).  Diagraa  of  antanna.  (3|.  Diagra*  of 
the  fraaewoct. 

Pig.  3.26.  Radiation  pattarn  of  the  coabincd  cacapt.ron  to  the 
fraaawork  and  the  antenna  (case  of  pba8«  displaceaent  in  r/2). 

Page  113. 

The  ^a:i:iaaB  3f  resulting  eaf  occurs  at  e * 90®  or  S « 270®: 

f'Mal  C — / 1 T «’• 

Baf  is  turned  here  into  zero  not  at  which  value  9,  hut  has  only 
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a ainlaua  with  sLa  9*0*  l.e.*  at  9 « 0^  ar,d  9 * ISO^. 

The  liagcai  it  ceceptioo*  which  is  obtained  in  this  :ase*  shows 
that  the  zonditioos  of  radio  traffic  deteriorate.  Therefore  such 
radiation  patterns  are  undesirable  for  purposes  of  dirastlon  finding* 
but*  as  will  be  stated  in  §4.2.*  they  appear  with  incorrectly 
selected  dlagran  ind  construction  of  external  device  (presence  of  the 
antenna  effects). 

In  the  general  case  when  radiation  currant  has  two  coaponents: 
in  phase  and  out  of  phase  to  90°  relative  to  enf*  ara  obsirved  the 
diffusa  ainiauBS,  which  are  distinguished  between  theaselves  to  the 
angle*  uoegual  180°. 

In  the  case  of  the  diffuse  einiBue  with  direction  flhdlng  for 
audition*  is  observed  the  angle  of  the  egual  to  audibility  on 
bisector  of  which  is  counted  off  the  bearing. 


3.9.  Hotionlees  directional  antennas  with  cosinusoidal  directional 
characterist ic. 


Earlier  we  exaeined  the  directional  antennas  with  cosinusoidal 


DOC  » 77223206 


PAGE  >♦-' 


characteristic,  vkich  for  obtainiag  a change  in  the  intensity  of 
reception  in  accoc dance  with  directional  characteristic  aust  be 
rewolwed. 

In  ridio  licactlon  finders  are  applied  also  the  aotionless 
direct'ional  antennas.  Such  antennas  can  be  undertaken  graitec 
size/d inen si on s tian  rotated,  and  resowed  fros  receiving  indicator, 
which  is  sosetiae^  necessary  (for  ezaaple,  aboard  ship)  . Host 
frequently  is  utilized  gonioaetric  systea. 

The  operating  principle  of  this  systea,  which  consists  of  two 
Butually  perpendicular  fraaework  or  the  pairs  of  the  spaced  antennas, 
is  described  into  §2.3. 

On  Fig.  3*27i,  is  depicted  the  scheaatic  dingraa  of  gonioaetric 
systea  of  two  autualLy  perpendicular  fraaework;  on  Fig.  3. 27b,  - a 
fort  of  the  snae  systea  in  plan/layout. 

Page  114. 

Let  us  exaaiae  in  tore  detail  processes  in  system  of  two 
framework.  The  eguivalent  diagraa  of  this  systea  is  givan  on  Fig. 
3.28.  Let  us  accept  the  following  designations: 
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El  - eaf,  iafluced  within  the  first  fcaaewort; 

Ez  is  esf.  induced  in  the  second  franework; 

Zia«  Zs2«  Zs,  > iapedances  of  the  ducts  of  the  first  and  second 
fcaaework  and  search  coil  of  gonioaeter; 

<12  " autual  iapedance  between  the  ducts  of  the  fraaawork  (with 
the  field  coils) ; 

autual  iapedances  between  the  ducts  of  each  of  the 
fcaaework  and  the  duct  of  search  coil  of  gonioaeter; 

Ki*  It*  I*  * point  in  the  ducts  of  fcaaework  and  search  coil  of 


gonioaeter 
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Piq.  3.27,  GonioiBtric  sfstea  of  two  autaallp  perpendlsuLar 
fraaewocka:  a)  gaaecal  view;  b)  plan  flew. 

Key:  (1»  . Field  call  (c) , (2).  Seacch  coll.  (3).  Field  35ll  (a).  (4). 
Fcaaeeock/body  of  search  coll. 


Fig.  3.20.  Dlagrai  of  gooloaetrlc  ayatea. 
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Page  115. 


It  is  possible  to  write  the  followiag  equations: 


/.z..  + + 

AZ„  + / ,Z„  -f-  /,Z„  — /•„  } (3. 43) 

+ 0.  J 


solving  thesa  equations,  we  obtain  for  current  I,  in  search  coil 
of  the  gonioseter 


z 


E,iZ.,Z„-Z„Z,.) 

„Zf,Zn  + 2Z„Z„Z„  — Z„Z:jj  - Z„Z,y 


— ZttZ]} 


(3.44) 


He  assune  that  the  geonetric  disensions  of  systea  are  snail 
relative  to  wavelength.  Then 

fi  MI.HC  1 (3.45) 

2 ^2  kiaKC  ^^1  / 


where  ^imukc.  £2>ir<ur  Baxlaqs  eaf  within  the  fraaework,  ia.luced  during 
the  coincidence  of  the  plane  of  the  corresponding  fraaawock  with  the 
direction  of  incident  wave. 


Further  with  the  correctly  constructed  and  prepared  fraaevork 
and  the  gonioneter,  nust  be  fulfilled  the  following  requireneo ts: 
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Zi,  r_  Z„  — Z.  — /WU,  j cos  a, 

^1*  * fctnNe  — “ ^If  kifiK c t 

^1*  ~ /‘•/''fi  M»Hc  sin  a,  Zf,  Hnicc  ^ Muiir  n/;„,|,. 


(3.46) 


vli«C6  ^'‘xx*  tht  •ff«ctlv«  height  of  the  fcaeework.  La  cafecence  to 
the  palate  of  tha  coaaeation  of  the  field  coil  of  goaioaetec; 


Mim,hc.  Af}».<iic  i4(£ana  aotael  iadactaoee  between  search  coil  and 
the  correspondin}  field  coil  of  gonioaeter; 


« • the  angle  between  the  standard  to  the  first  fiali  coil  and 
search  coil. 


Page  116. 


After  substitutiai  expressions  (3.45)  and  (3.46)  in  (3.44),  we  will 
obtain 


. faMKh,^ 
->  2/--- 

> -:r  - 


where  u*n*/Z  is  the  resiator/reeistance,  introdoced  by  th>  duct  of 
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the  fcaaevock  into  the  cltcuit  of  search  coil  of  gonioaater. 

Accurately  tae  sane  current  1,  ve  would  be  obtained  in  the  duct, 
inductively  connected  with  the  rotatable  loop,  turned  relative  to 
initial  ditectioa  in  angle  a.  In  this  case,  a Bust  be  equal  to  the 
angle  of  rotatioi  of  search  coil  of  gonioaeter.  The  paraaatars  cf 
duct  and  rotatable  loop  coincide  with  the  paraaeters  of  the  coils  of 
gonioaeter  and  fraaevork  of  gonioaetric  systea,  but  tae  aatual 
inductance  of  the  duct  and  fraaework  is  equal  to  the  aaiiaua  aotual 
inductance  R of  the  searching  and  field  coils  of  gonioaeter.  The 
equivalent  diagraa  of  aystea  with  two  fraaework  (Fig.  3.2))  let  us  be 
guided  during  the  calculation  of  the  effectiveness  of  gonioaetric 
aystea  (see  Chapter  7)  . 

The  obtained  results  can  be  coaaon  for  gonioaetric  eystea  of  two 
pairs  of  the  spaced  antennas. 

The  coils  of  gonioaeter  it  is  possible  to  wind  on  fraaevork/body 
fcoa  insulation  (air  gonioaeter) . coupling  coefficient  between  field 
and  search  coils  of  air  gonioaeter  is  Halted  to  value  3. 4-0.5. 


DOC  • 77223206 


PAGE  -4^^ 


Pig.  3.29.  Bgui valent  diagcae  of  goaloeetcic  systee. 


Page  117, 

Mith  the  tacget/pocpoee  of  an  increase  in  the  coupling  soafficient* 
under  the  conlltinn  of  the  onlforeity  of  Magnetic  flut,  are  applied 
also  the  gonioaeters  eitb  f erroaagnetic  cores  (Pig.  3.30).  As 
naterial  are  applied  the  aagnetic  dielectrics  (carbonyl,  Alsifer  and 
others)  and  ferrites. 

In  such  gonioeeters  usually  the  rotor  (search  coll)  is  placed 
vithin  stator  (field)  colls.  On  aediun-fregaency  waves  there  are 
constructions  where  the  stator  coils  are  aounted  within  rotor  coil 
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[10.5]. 


Of  f»rrit»  sore  goaioneters*  th«  coupilag  coefficient  between 
searching  and  field  coils  reaches  0.7-0.95.  Good  accurasf  with  large 
coapling  coefficient  provide  coils  with  nnifors  winding/coil  on 
ferrite  tori.  Beginning  and  the  end/lead  of  each  winding  are 
connected.  RenovaL /outlets  of  stator  coil  for  the  conoa:tlon  of  the 
fraiework  are  taken  through  ^0°.  of  rotor  the  renoval/outlets  are 
taken  froe  tha  diaeetr ically  opposite  points  of  winding.  Por 
obtaining  nore  unifore  field,  it  is  necessary  to  carry  out  a 
nonunifore  windiag/coil  of  rotor,  approxieately  according  to 
sinusoidal  law,  and  to  take  renoval/outlets  froa  the  alddles  of  the 
sost  diverse  turas.  SoaetlBes  of  rotor  are  aade  the  supple eentary 
reeoval/outlets,  shifted  to  90^  relative  to  fundanental,  for  use 
during  the  detereination  of  the  side  of  radio  station  [10.5,  4.6]. 
For  a decrease  in  the  capacitive  coupling,  is  applied  the 
electrostitic  shield  (see  Fig.  4.17).  However,  an  increase  in  the 
capacitance  of  windings  by  housing  iepedes  the  use  of  such 
gonioneters  at  sore  high  frequencies  (large  25~‘30  NHz). 

Instead  of  tie  inductive  gonioseter  it  is  possible  to  apply  the 
capacitive  gonioneter,  which  is  adjustable  capacitor  of  two  systens 
of  stator  plates  and  one  rotor* 
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Fig.  31.30.  Gooioister  with  the  fecroBagaat Ic  core:  1 - flwld  coll;  2 
->  field  coll:  3 * search  coil. 


Page  t18. 

If  Is  aade  the  cegulcesent  for  the  cosinusoidal  law  of  a change  in 
the  coaaualcatloa/conaectlon  between  the  rotor  and  each  stator^  which 
is  ceallzad  with  the  special  fors  of  the  plates  of  rotor,  then  for  a 
capacltlwe  goaloeeter  they  reaain  valid  of  the  relatlooslil p/ratios, 
derived  for  an  lad  active  gonloeeter. 

To  Pig.  3.31,  Is  shown  the  scheeatic  diagrae  of  the  input  part 
of  the  gonloaetric  radio  direction  finder  with  capacitiva  gonloeeter 
during  tba  appLication/use  of  spiral  loops.  In  the  used  at  present 
gonloaetric  syeteas,  predoaioantly  with  inductive  gouioiater,  ace 
utilized  the  unadjusted  fraaework.  The  application/use  of  spiral 
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loops  is  inconvenient,  since  during  their  use  is  required  the 
prelininacy  fine  tuning  of  both  franetforli  foe  the  frequeacy  of  the 
oriented  radio  station  on  the  local  oscillator,  which  coaplicates 
work  8.29]. 


3.10.  Gonioaetric  systea  froa  n of  the  spaced  antennas. 


In  93.9  is  ecaained  antenna  systea  of  four  spaced  aatennas.  in 
the  radio  direction  finder  of  gonioaetric  systea  vitli  the  spaced 
vertical  wire  antennas,  it  is  possible  to  use  another  nuaber  of 
antennas.  Let  as  ezaaine  the  general  casa  by  the  aataaaa  of  systea 
with  ni  by  the  spaced  vertical  wire  antennas  (Pig.  3.32).  Intennas  are 
arrange/located  in  circuaference  at  equal  angular  distance  2ir/n  one 
froa  another  (1,  2,  3,  ...,  n) , the  radius,  carried  oat  to  the  n 
antenna,  coincidiig  with  initial  reference  line.  Bach  antenna  is 
connected  to  the  appropriate  field  coil  of  gonioaeter  (I,  II  , III, 
...,  I),  the  ouabar  of  field  coils  is  equal  to  the  nuaber  of 
antennas:  R = a.  Fhe  autual  location  of  field  coils  on 
coanon/geaeral/total  fraaework  corresponds  to  three^diieisional/space 
antenna  location.  Field  coils  are  connected  by  star,  coaaon  point  can 
be  grounded.  Inside  of  field  colls  rotates  search  coil  (bb  on  Fig. 
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Pig.  3.31.  The  ssheeatic  diagrae  of  gonioaetric  radio  dicection 
finder  with  the  capacitive  gonioeater:  1 * the  first  fcaaewort;  a) 
plate  the  Ist  stator;  b)  the  plate  of  the  2nd  stator;  :)  the  plate  of 
rotor;  2,  the  sessnd  fraaework* 


Page  119. 

Each  field  coil  creates  its  aagnetic  field.  If  we  accueulate  the 
magnetic  fields  of  all  field  colls,  then  in  the  correctly  designed 
radio  diraction  finder,  as  in  the  sieplest  gonioaetric  systea  with 
two  autually  perpendicular  fraaework,  the  direction  of  the  resulting 
field  in  gonioaeter  foras  with  standard  to  the  n field  coll  the  saae 
angle,  which  the  direction  of  the  oriented  radio  station  is  foraed 
with  initial  reference  line. 
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According  to  the  scnie  of  gonionetec  with  auditory 
direction-finding  nethod.  is  counted  off  the  angle  between  the  plane 
of  search  coil  and  the  perpendicular  to  the  n field  coil.  When 
current  stcength  in  search  coil  is  equal  to  sero»  This  angle 
corresponds  to  bearing  to  radio  station. 

Let  us  deteraine  current  in  search  coil  of  gonioneter. 

Let  as  designate: 

Ba  - the  strength  of  field  at  the  center  of  systee; 

9 is  an  angla  of  the  direction  of  the  arrinal  of  wava  in 
horizontal  plane  lith  the  radius,  passing  through  n-s  antenna: 

B - the  angia  of  the  slope  of  a front  of  wave; 

2b  - the  diaaeter  of  a circle  of  the  nrrangeeent/pera utatlon  of 


antennas 


■ 


M 


'J 

N*- 


\ 

i. 


f 

i- 


( 

1 


Fig.  3.32.  intanat  systea  fcoa  n of  the  spaced  antennas:  a)  the 
clccnit  of  the  cnanection  of  the  field  coils  of  gonioaetec  (1,  2,  3« 
...V  n antenna;  I*  Il«  III,  ...«  N - the  field  coils  nf  gonioaeter, 
b-b  * seacch  soil  of  gonioaetec);  b)  location  n of  antennas  in 
plan/layont. 


1 


i 


Page  120. 
til 

On  n-<  antenna  oparates  the  electcic  field  with  strength  L:„=r,U,o 

- Ja^' 

/ - ? fo-*  I 

At  the  point  of  the  location  of  the  BAvantenna,  distant  to  angle 
2vB/n  fcoB  the  n^th,  the  strength  of  field  will  be 
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Nhera  a * 2»b/K  csb  6 = 2v/n»  9 • 6k  ^ -f. 


It  is  known  that  it  is  possible  to  expand  Li  Pourier 

series  • Bessel 


e"  ’ =-• (a)  -r  2 V p’J,,  («)  cos  p'i,  (3.49) 


and  is  analogous 


,2€h  . i*m\ 

I _ CO*  a CO*  ' I - -T — I ,gs  1.  V 

e ' 

■ „ ^ r <'2b*  a\  „ f,  2r.m\ 

^ ^ li  i \j:  ^ “ ~^)  • 


(3.49') 


where  ^00  3^#  •••# 


with  first*ordec  BessaL  fmctlon  the 


xero^  first*  secoad,  the  p-th  of  orders. 


If  wa  designate  by  the  effective  height  of  antenna*  then  eaf 


of  the  a antenna  will  be 


= E/i,.o  J,  cos  (ij-f 
T 2 £ ; '7,,  ( ^ cos  cos  p = 

p^\  ‘ 

= ^ /(,,  cos  I?  ^ ^ A I,  cos  p I)  cos  — pin  ■ 

p=0  P=0 

OO 

-1-2  Osin  (: 
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where 


Page  121. 


(3.01) 


EquivaleDt  dlagrai  for  calculation. 


Por  leterainlng  cerrent  in  search  coil  of  gonioaet^r,  one  should 
solve  systei  froa  (n  * 1)  the  equations: 


//..+ + 4- A.2.H  I 

/,Z,, -j- /,Z,, -f- /,Z,, -p  . • • "i  ■ r*  j 

1 

^ 1^*11  “i”  • * * ”t~  ^ nZ|,  11  “p  Al^nll  ^ nt  I 
/ + A^iii'T  A^BI  "i"  • • • T ^ n^tin  T ^ n^iili  = 0.  ) 


(3.3:’) 


Here  Ij#  xl  ^ ^ currents  in  the  field  coils  of 

gonioaeter  *; 


^7z»  ^31#  •••«  'Z-nn  ' the  iotarnal  resistances  of  the 
circuits  of  field  coils  with  the  appropriate  antennas; 


and  ~^nn  " current  and  the  resistor/resistancs  of  the  duct 
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of  search  coil  of  gonloeeter; 

Si2*  Zt3t  ~ sutual  lapedances  of  circuits  the  1st  and 

2nd«  1st  and  3rd«  B*th  and  j-th  field  coils; 

Zu„  Z„t, . ■ . > Z„n- ispedances  of  field  coils  vith  search 
coil  of  gooioaeter. 


FOOTROIB  va  c^isidec  that  the  carrents  in  antenna  aounting  and  in 
the  field  coil  of  gonloaeter  coincide  in  value  and  in  phase. 
Calculations  are  given  in  chapter  7.  EHDPOOTNOTE. 


Re  consider  that  network  eleaenta  of  all  antennas  are  coapletely 
identical. 

Then 

Zn  = Z,f  = . . . = Zmni  = . . . = Z„„  = . . . = Z(|,  -|-  jml-n, 

where  the  resistor/resistance  of  antenna  itself; 

Lu  the  iadactance  of  field  coil. 
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Oa  the  stC0B]th  of  the  syaaetcy  of  the  arcangeaeat/psciutation 
of  antennas  (see  Pig.  3.32b) 


2.1,  m + i *”  2m,  m-i  — ~ ^e|t  2» 


I — 2m , m - 1 


= 2c 


i^Jk  — ^ 2m,  m - h 2^/, 


(3.54) 


Page  122. 

These  resistor/resistances  ace  accuaalated  fcos  autual  iapedance  of 
antennas  theeseivss  and  froe  aataal  indoctanca  between  the  field 
coils«  connected  in  these  antennas. 

The  solution  of  systew  of  equations  (3.52)  for  all  currents  very 
cuebersoeely  and  is  not  given. 

Vithout  solving  systen  of  equations  (3.52) « it  is  possible  to 
conduct  the  calculation  of  current  in  search  coil  in  the  following 
order: 


a)  to  detersine  currents  in  each  field  coil,  on  the  hasis  of  eaf 
of  antenna  and  iapedance  of  antenna  circuit,  taking  into  account  the 
resistor/resistances,  introduced  froe  the  circuits  of  otiisr  antennas, 
at  the  broken  sirsuit  of  search  coil  of  the  gonioneter  whan  it  not 
coupled  iapedance  into  antenna  circuit; 


b)  to  find  the  open-circu it  voltages,  induced  by  tia  currents  of 
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field  colls  Id  search  coil  of  gonioaetec; 

c)  t3  calculate  iapedance  of  the  duct  of  search  coil  taking  into 
account  the  reslntor/reslstances,  introduced  froa  the  circuits  of  all 
antennas: 

d)  to  deteraine  current  in  the  duct  of  search  coil  of 
gonioaeter. 


It  ia  feasible  calculations  in  the  indicated  order. 


a)  for  the  calculation  of  the  current  of  the  a^antenna  ve  will 

O' 

use  eguation  froa  systea  (3.52)  for  the  circuit  of  the  s^ antenna: 

^ ^ "’i"’  * * * ^ 2 HI  »r  “t~  * * ' "i"  ^ ii^rnn  “1“ 

-i-  /mZh.,,  ^'-H.  (3.55) 


He  assuna  that  because  of  the  syanetry  of  the  systea  of  the 
aoteoaas  of  the  anplitude  of  currents  in  all  antenna  circuits  are 
identical,  the  phases  of  currents  are  detersined  by  the  phases  of  eaf 
in  the  appropriate  antennas,  i.e.. 
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/ / .,/fl  (0  -i)  1 

' » * 6IUI(C^  ♦ 

/ / /n<T>i\®  — 24) 

' t ' “ ' MAHC^‘  » 


/ / (•-«»♦)  J 

‘ * I 


(3.56) 


/ / o'*  * 

i n / MMHO^  • ^ 


Page  123. 


After  substitutlaj  in  (3. 55)  expressions  (3.U8)«  (3.53)  » (3.54)  and 


(3.56),  we  will  obtaiB 


/«.HC  {(2...  -h  /•■»/...)  c"-  Ic'* ' '•  - ‘ + 

I*-*  ('"♦'(■j  10» 


Ja  co«l»-»(..i  + J)j| 


+ • • • n-  ^ . '> 


-/3  C'1«  U — ^/(l| 


(3.57) 


for  ewen  aaibec  of  antennas.  If  the  naaber  of  antennas  is  odd,  then 


last/latter  tera  In  the  curly  braces  is  absent.  Let  us  usa  the 


foraula  of  expansion  (3.49*)  for  the  coaponents  of  expression  (3.57), 


aoreoxer  ve  will  be  restricted  by  two  aeabers  of  series 
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/„««0  {(2.,  + ioU)  IJ.  >‘J)  + /2A  (fl)  cos  (')  - 6/h)1  -h 
+ 2Ze.  (/.  («)  + /2/,  (a)  cos  ('J  ^ ini)  cos  «1  + 

-f  2Zc.  (rt)  + /2^.  (a) cos - *"0  CO!'  28]  -t- . . . -f 
+ Z „ I/.(a)  — /2/,(<7)cos('j  — 6w)l}  = 

^ T 

= E./1,,  [/.  (fl)  4-  (a)  cos  (0  - 6/;;)].  (3.oS) 


POOTHOTE  *.  This  liaitation  sufficiently  for  the  establi-shaent  of  the 
cooditioBS  of  the  error-free  operation  of  systea  (see  §4.)). 
BHDPOOTROTB^ 


The  foltage  9f  antenna  has  two  coapoaents:  depending  on  the 
directioB  of  the  arrisal  of  wate  /2E„/i^o/, (<;)  X cos(<j  — 6w)  and 

independent  of  it  E,/>, ('O-  Be  respectively  have  two  different 
equations  for  deteraiaing  antenna  resistance. 

For  the  coaponent  voltage  of  the  antenna,  which  depeids  on  the 
direction  of  the  arrival  of  wave,  coaplete  antenna  resistance  is 
expressed 

Z,,  “ Z*. -4- /»bZ,|| N Zci„cos5w/, 


(3.59) 
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ind«p«Ddttat  of  direction  6 and  the  nuabec  of  anteana.  For  the 
coBpoii:«iit  Yoltage  of  the  aotenoa*  independent  of  the  direction  of  the 
arrival  of  wavet  the  expression  for  coapiate  antenna  rasistance  takes 
the  fora 

n—l 

^ al  ~ ■f'  /‘“^n  *r  ^ ^cm-  (3.r)i)’) 


Page  129. 

Let  us  calculate  antenna  resistance  (3.59). 

Hutuil  iapalances  of  antenna  circoita  Zr consist  of  autual 
iapedancea  of  antannas  theaselves  and  the  nataal  inductance 

of  the  field  coils,  connected  la  antennas.  Be  assuae  that  if  the 
angle  between  the  planes  of  two  field  coils  is  egoal  to  6a,  then  the 
autual  Inductance  of  such  colls  is  equal  to  KLn  cos  5a , where  R 
is  a coupling  coefficient  between  the  field  coiLs,  planar. 

Therefore 

it  ^ * 

y Zc, cos  5m  = V Zc,„  a cos  6//i  -j-  i'^L»K  V cos*  hm. 

* 1 1 «i — I 


II  - I 

^ cos’  5/n 

m — I 


since 
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H^\  « — I 

^ Z,.„.cos5m  2c„.aCos5m-f/cBL„K  — 1 j 


ff1  = l 


and  coaplftta  antiana  caalataaca  (^.i)  will  ba 


= z„  + ^ z C « « cos  6m  -f  /«»L„  [ /C  (-J-  “ 0 1 ■ 

(3.601 

The  aeplitale  nf  carcent  in  antenna  is  designed  fcoa  the  foriula 


C«A«o 


(3.61) 


b)  let  as  detersine  the  opee*clrc«it  eoltage  E,..  eith  the 
induced  currents  of  antennas  in  search  coil  of  gonlosater* 
considering  that  search  coil  fores  angle  m with  standard  to  the  plane 
of  the  n field  coil  and  that  the  eagnetic  fields  of  field  coils  are 
unifora. 


page  125. 

Let  us  designate: 

/VfM;.i<c  - ■>*sisuB  Butual  inductance  between  field  ml  search  coils 
of  gonlosetar; 

- - (VK,,,,.psin(6m  — al  Butasl  inductance  between  flail  and  search 
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colls  of  gonlosetftc. 


Then 


i'u  — V sin(5«t  — o)/„  = 

rn 


(3.62) 


After  substituting  in  (3.62)  expression  (3. SO)  for  vs  Mill 

obtain 


or 


S [ (S  T + 

nisi  /aO 


4-^  sin/70sin  ^pw^sin  ajl 

£„  = / J!!^^2{-[(£'4„cos^'jcos^/7^m  X 

fflsl  ^sO 

00 

X ^ Aj,  sin  sin  ^ pm  cos  ~ rn  ^ sin  a 1 + 

/j=i 

00 

I r f V^  1 ( 2n  . 2n  , 

T ( 2j  cos  p')  cos  — pm  sin  — in  -|- 

fmQ 

00 

+ 2 Sin  ysOsin  ^/7m  sin  ^ m ^ cosa  jj-. 


(3.63) 
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Aftac  using  the  ttansfocaatlons,  given  in  eppendii  II » we  will 


obtain; 


= j -5-  j[  2 A,„^,^\n(kn  + 1)9- 

*sU 

00  00 

— ^ /’l*„.,sin(/£«—  l)Sjcosa— cos(/f/i+l) 0-}- 

*«l  *=0 

00 

+ 2;  ^*B-|C<»(ft/t~l)'jjsin«|.  (3.63') 


Page  126, 


Let  us  write  etpcasaioas  for  in  the  following  fora: 


IT  ^ I# 

^11  — — J 


(3.64) 


where  tha  equiwalent  effective  height  for  the  dicactional 

reception  of  gonioietric  systen  fron  n of  the  vertical  wire  antennas, 


on  the  basis  (3. 63*)«  (3*51)  and  (3.64)  we  have 


ltc„rt  I ./,  h cos  ?jsin  ('j  — a)  + 

-r  /"  ■ V„ b cos  bin  [(/t  — 1 ) — a]  + 

■ + i (("  + —»]  + ■•  (3.65) 
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POOTM09S  *.  Bafoca  tha  azpressloa  la  lowecad  ainus  sLjn.  Tens 
aithi  I daaigaata  streas  coaponent,  out  of  phase  in  v/2  froa 
fandtaanttl.  For  detail,  sea  §4.9.  BBOFOOfMorB. 


If  the  diaaatec  of  the  arraageaeDt/pecautation  of  aataanas 
(separation  of  aataaaaa)  2b  is  saisctad  so  that  it  is  possible  to  be 
restricted  one  first  tara  of  a aarias  (3.6S),  than 

hcos.  sin  (6  — a) 

and 

sin  Vi  a),  (3.64') 


Where 


Hith  d > 0 «e  beta 


= /i,  <,«•/,  b cos  p^.  (3.66) 


The  eguiealaat  affactiwa  height  ^'a^i  is  aazlasa,  when  J|  (2«/x 

b)  « aaz.  First  coot  of  this  agnation  • 1.84  or  2b/x  « 3.S86.  With 
J) (2#/X  b)  3 0 agaivalant  actual  baight/altituda  is  agual  to  taro. 
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Page  127. 

The  saallast  value,  which  satisfies  this  conditian,  sill  be  2»/K 
b » 3,83  or  2b/X  • 1.22. 


Pirally,  in  the  case  when  2b/X  « 1 and  Jt  (2v/X  b) 
effective  height 


(3.f>7) 


mb/K  , the 


c)  lapedaaca  of  search  coil  consists  of  indnativa  reactanca 
of  search  coil  load  iapedance  and  the 

resistor/resistanoes,  iatrodsced  froa  tha  circnits  of  the  field  coils 
of  all  antennas. 

it- 

Rutuil  inductance  between  a* field  ii  by  search  colls 

At A/„„,^rsin  (5m-  - o), 


tapeiance  of  search  coil  has  the  expression 
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/|  •« 


^ =■-  j«>Ln  -1-  • 

ms) 

H JJsm*(«/«-a). 


Taking  into  acsoait  kkat  4 • Zw/u, 


«e  obtain  for  Z, 


P«ga  128, 


2sin^/«  = 2eos‘^m=.0. 


Mt  \4^ 

A = /«.L,4-Z.-f--^4. 

*•!  * 


(3.G8) 


d)  fxpcessioa  for  a current  in  search  coll  on  the  basis  (3.64*) 
and  (3.68)  with  not  the  verf  large  separation  of  anteaoas  [sea 


(3.64*) ] will  be 


/„  ^ ^ sin  (0  - a)  = 

Cm  'UV'” 

/'2n  \ 

I COJ  ? 

= i sin(0~a). 


(/»/,n  + Zll)Z,x  + ■•> 


i,ji4 jd ulift'-kiii ijJikiy  lAiiii  In  lit  I Ti'bi  I . Ji  -1.  iiattf,  iniir iirfj  Miiifci  tift'i  i iifiiitili 
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ie  exABlDB  ths  case  when  the  nuaber  of  aatennas  n - e?eD  »nd  oppoelte 
aeteQaas  see  connacted  to  one  and  the  saaa  field  coil,  then  the 
nuaber  of  field  coils  M = n/2. 


Let  us  leave  for  the  inductance  of  field  and  search  coils  of 
gonioaater,  and  also  foe  the  autual  inductance  of  coils  the  adopted 
previouslT  desigaatioas: 


La,  La,  M„,n  — KtoL„COS',^~y 


onlf  a here  varies  froa  1 to  H.  Froa  fonnla  (3.60|  the  eipression 
foe  iapedance  of  the  pair  of  aateanas  will  be 


= 2Z..  4-  /•Z-n+2  V Zc.„  a COS  Sm  -f 

m = l 

A'*l  n-l 

4-  /■<•.£„/(  V cos*  oin  = 2Z.,  4-  2 V Zc,„  a cos  Bm  4- 

ff!=l  "t=l 

-f  ;®L„  (t  ""  V"''  ‘ J-  '' 


(3.70) 


«ith  X < 1 
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n — I 

“i*  ^ ^c»n  a cos  5wj -}- /(iiZ.|,  -j*.  (3.70') 

m=l 

The  cesistor^resistance  of  search  coil  ve  will  obtain  fcoa 
(3,68)  in  the  fora 

Za  = /g,iy  I ^‘'^^UtKC  N 

^at  2 • 


Page  129. 


Let  as  relate  the  eguiraleat  effective  height,  of  ejstee  //»a'o 
to  the  effective  height  of  the  pair  of  aotenoasr  which  let  qs 
designate 


H,  2/r. 


. i2-b  . \ 

sni  ,-,  cosp  , 


f2nl> 


COS 


'’i- 


Then  froe  (3.66)  we  obtain  that 


/^uiiv  ■■  ^^0 


Current  in  search  coil  is  designed  fros  the  foreula 


,v  . 

.»  nr o 


('uZ., Z..)Z,r+  2 


jr^sin(0— a).  (3.7 1) 


Shen  9 


■ /„  = 0,  at  • « a ♦ 90*  / It /ll  JUftKC* 


On  Fig.  3.33«  is  given  equivalent  diagraa  for  the  calculatiou  of 
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th«  current  o£  saicch  coil  of  tke  gonioeeter  of  systea  froa  M of  the 
pales  of  the  vertical  vlra  aatanaas.  Applied  eaf  eorteapoads  by 
Baxiaea  oaf  of  oaa  pair  of  aateaaas,  aolti plied  by  Xe 

accordaoca  eitk  (3.70)  tha  iadactaace  of  the  first  dact  (field  coil} 


vitk  K « 1 Kt  = Kr  to  the  coupllag  coeCClcient  field 


and  search  colls. 
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Fig.  1.33. . Bguivalant  dlagraa  for  tbe  calculation  of  g^nlaaetric 
Bjstea  with  o by  fcha  spaced  antennas. 


Page  130. 


BqoiTalent  aatoal  inductance  of  ducts  ^''U=='W„,„o  j/^- . 
Antonaa  cesiatancs  Is  expressed 

n —I 

2„:.  = 2Za.-h2^  ^c....cos 


m-l 


Current  in  search  coll  of  gonloseter  taking  into  account 

eguisalent  diagraa  and  ;3.71)  is  designel  fcos  Ue  foriolt 

/ 

^ u>Mji,  y n. 


oMjf,  -Y 


(3.72) 
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Ip  tto~chaBn«l  visual  radio  dlractlop  findar  (aaa  §9.  3)  during 
applicatlon/asB  by  n*  antenna  of  systea  la  utilized  the  aitching 
call/alaatBtt  whish  is  gonioaeter  vith  N * n/2  field  and  with  two 
aatually  perpendicular  search  colls  froa  which  are  reaove/taken  the 
voltages  on  chanaala.  structurally  cell/eleaent  can  be  sale  so  that 
search  coils  lo  not  rotate  and  have  constant  orientation  with  respect 
to  field  coils.  This  satching  cell/eleaent  he  is  bonetlass  called 
coordinate  transforaer. 

Let  UB  dasigiate  the  angle,  foraed  by  the  plane  of  search  coll 
of  the  first  channel  with  standard  to  the  n^field  coil,  r/2  - a. 
Second  search  coil  foras  with  the  saae  standard  angle  x.  Then  the 
cnrrents  In  the  circuits  of  search  coils  of  coordinate  transforaer 


are  deteraioed  froa  the  foraulaa 
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uAfi 


/ 4 ' 


^ “j*  ^ 


cos  (0— a), 


/-.*:7r 


(/t»L.,  + Z-i)  (Z.*  + Z-^*)  + 


y sin  (8  — a) 


and  during  satisfaction  of  coaditioss  (3.j>6)  tk«  relation 

* •! 


Pago  131. 


Systea  vlth  parallel  connection  of  adjacent  antennas. 


In  radio  llctctlon  finder  wita  n antennas*  It  is  possible  to  In 

parallel  connect  the  adjacent  pales  of  antennas.  The  flail  coils  of 

3.3y 

gonioaeter  are  included  in  this  case*  as  is  shown  Pig.  3a  *1.  Angle  2r 
between  the  connseted  in  parallel  antennas  can  be  not  equal  to  2v/n. 
This  connection  of  antennas  nnkes  it  possible  to  decrease  two  tines 
the  nuBbec  of  field  coils  of  gonlosetec  and*  for  ezanpla*  in 
eigbt-antsnna  sjstes  to  use  gonioaeter  with  two  field  colls.  During 
this  connsetion  also  Is  facilitated  the  connection  to  eight-antenna 
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vAicA  obtaiaad  wida  applicatioa*  tvo>cAaBB«l  CBSftivlog 
iadlisatoc. 


Poc  tAia  caai  ia  cataiaad  aatira  Baalyaia,  glTas  aacLlar,  onlj 
iB  tha  comcaa  of  ealoBlatloa  oaa  aAoold  aaka  tka  ColloalBg  cAaBfaa; 
iBataad  of  b to  taka  b/2:  iaataad  of  aacfc  taca  of  axpaBaloo  (3-63*) 
to  taka  tia  saa  of  tao  taraa,  1b  oaa  of  akicA  ^rr  -3:\)  Q ^ 


ILi^,  0-tL^yi^^  Si^  (k  b/2  ^ 3M*  ' T> 


ahara  27  ia  ao  atjLa  bataaao  tba  coBBactad  la  pacallal  aBtMaaa  (Pig. 
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Fig.  3.34.  clccait  dlagcaa  of  fiold  oolla  asclng  pacallal  coaaaction 
of  adjaceat  aataaaas. 


Page  T32. 


Pith  this  addition  we  will  obtain 


£.  =,■  ^ EA.-J {[ S ^ i., ""  (*  T + ') " ^ 

' A ^ I 

Xc<.s(a -IS''.  4, 

X c,»  (*  y + l)  ■(  -1-  S {*  *7  ^ ^ 1 ’ 

\ ' A _1  3 


sill  »j. 


(3.73) 


is  before,  when  2b./X  « 1, 

; _ . uAfw,,., 


^\\  — l — 2"  ■ ' Wi,„nJ.  [-JJ- cos  p j cos'/sin  (0  — «)  ai'W  when 
0 = 11 
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3*11.  inttnaa  sfstaaa  vith  acate/sharp  directional  ciiacacteristic. 


Application/usa  a of  antennas,  straight. 


For  by  the  aiteooa  of  the  systea  of  the  dicectionil  reception  it 
is  possible  to  atllise  n of  the  ideotical  antennas,  straight  (Fig. 
3.35)  and  pacallel'connected.  Let  us  designate  d the  distance  betieen 
adjacent  antennas,  2b  « d (n  - 1)  the  coaplete  separation  between 
extrene  antennas. 

It  is  known  that  daring  parallel  (cophasal)  connection  of 
antennas  standacdized/nornalized  directional  characteristic  is 
expressed 
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ploB  -or' , 


tlnT-y  mrfilnOcos 

(».  ?)  - F,  (6.  ?) . ( ’.74) 

/itin  y/urfilnScoiM 


wh»ca  Ft  (0»  0)  ' licsctlonal  chatactcrlstlc  of  sibgle  aotanoa;  9 it 
is  oovatsd  off  fcOB  psrpssdlcalar  to  ths  lias  of  aataBBif. 

.A.... 


Pig.  3. 3S.  Antenna  aystaa  ftoa  n of  the  aateasaa#  stcaight. 


Page  133. 


When  ^ 3 0^  is  obtained  radiation  pattern  in  hociaontal  plane. 


Then 


Cn 

mdslnft  j 

^ . 

/I  till  •*"  ® ^ 


{3.75) 


Bxaeplss  of  the  radiatloa  patterns  of  the  gcoap  of  the  vacUcal 
vire  anteanas  ia  hocisontal  plane  are  girea  on  Pig.  3.36. 


I 

I 


'104 u<9 


JUM  PJIIWUIL.  ,1  -g 
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*'''n/iuna  n 


^'^UnuHO  Si 
OUnuna  Si 


--V 


I^SeCKoSeuHO 

f/tujKoe 

pgcnonotKtHut 

(^)  PaccironHue 

m 

(yj  Paccmaaiiie 
Ski 


<5> 


flUHUP 

pecnonoMeHUt 
cacmenibi 

\) 

Paccm3»Hue 
i 


2S”3i 


PI9.  3.36.  Effect  of  the  nuabec  of  the  vertical  vice  antsinas  and 
distance  between  thee  on  directional  characteristic:  d ■ a/2  '>  the 
effect  of  length  2 v on  radiation  pattern  with  the  distance  between 
the  vertical  wire  antennas  X/2:  2b  « 3X  * the  effect  of  the  distance 
between  the  vertical  wire  antennas  on  radiation  pattern  at  the 
overall  length  of  systea*  equal  to  3X. 


Key:  (1).  Length.  (2).  Infinitely  close  location.  (3K  Distance.  (4) 
Line  of  the  location  of  systen. 


i t ■■  ‘J'M' 
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Page  134. 

In  this  case,  it  is  accepted  that  I i.e.  that  tha  sapacate 

anteaoas  do  not  possess  the  directional  reception.  On  PLj.  3.37,  are 
given  for  this  systea  the  directive  gains  D depending  on  2b/K.  on  the 
basis  of  carves  (Pig.  3.36)  it  is  possible  to  aake  following 
concl-usions.  The  fandaaental  eaxiaua  of  diagcaa  is  always  directed 
along  perpendicular  to  the  line  of  antenna  location.  Diagrans  are 
syaaetrical  with  respect  to  the  line  of  antenna  location  and  with 
respect  to  perpendicular  to  it. 


Siaultaneousl y with  the  aain  lobe  of  radiation  are  ainor  lobes. 
Their  naaber  with  change  '>  froa  0 to  90^  egaal  to  nuabnc  whole 
waves  in  coaplete  separation  2b.  The  level  of  the  Baxinaas  of  ainor 
lobes  is  designed  froa  the  foraula 

F„  (0)  = 7n  + \ ■ (3.76) 


Bitb  large  a foraula  (3.76)  is  siaplified: 

'’■W'iJJTTT. 


and  for  the  naxiaans  of  ainor  lobes  we  obtain  consecutirsly  values  of 


DOC  - 77223207 


P&GB 


0.212,  0.128,  dC  0.091  80  forth  froa  tho  lot*  1 of  lajor  lobe. 


Witn  «■  iacctasa  la  th«  aoparatioa  batvaaa  eztceae  aatenoas,  the 


width  of  the  aaia  lobe  of  cadlatioa  decreases.  The  width  of  aajoc 


lobe  with  the  drop  of  aaplitude  to  zero  for  lar^e  n is  egaal  to 


i « 114.6;^.  deg.  (3.77) 


The  width  of  aajoc  lobe  with  th'e  drop  of  power  two  tiaes  with  the 


saae  conditioa  will  be 


2r... 'fe  50,8-^,  deg. 


With  that  which  was  assigaed  2b  width  of  aajor  lobe  weakly 


depends  on  the  naibec  of  antennas,  decreasing  with  iacceise  in  d. 


However,  considerably  cannot  be  increased  d,  since  with  la  increase 


of  d,  i.e. , with  decrease  in  n with  that  which  was  assigned  2b, 


increases  relative  valne  of  einor  lobes.  With  d X aiaoc  lobes  are 


egnal  to  the  aain  thing,  i.e.,  appear  snppleeentary  principal 


nazianss. 


Page  135. 


Sowetiaes  is  placed  the  pcobles  of  suppression  to  tha  deterwined 


side-lobe  level  of  radiation  pattern.  By  characteristic  the  optieus 


j 
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of  srstoa*  whlcli  possasaoa  tha  aLQiaaa  aidth  of  it  jac  loba  ‘^vo 
with  tha  regulcai  side- loba  lewal  aad  agwldiataaca  batwaao  antannasp 
is  Chabyshav  poI|ioaial  dagcae  & > 1.  Tha  voltagatp  caaotad  fcoa 
antanmap  la  this  cast  daccaaaa  to  tha  adgas  of  aataana. 


This  they  aoaieva*  foe  ezaaplep  by  intcodcction  into  tha 
aatannas  of  tha  voltage  dividars;  then  the  effective  haiyit/altitade 
of  systaa  deccaasas. 


The  suppeassLon  of  linoc  lobes  it  is  possible  to  also  achieve 
(With  tha  identical  voltages,  reaoved  ftoa  antennas)  by  the 
establishaent  of  the  diffecent  distances  between  antennas,  which 
incceasa  to  the  edges  of  systea. 

The  degree  of  the  suppression  of  sinoi  lobes  in  pciaolple  can  be 

any. 


The  oalculatLons  of  the  voltages,  cesoved  fros  antennas,  in  the 
first  case  also  of  the  required  distances  between  antaanaa  in  the 
second  case  are  given  in  the  courses  of  antennas  [3.2,  3.3]. 

During  a deceaase  in  the  ninor  lobes,  is  expanded  tha  sain  lobe 
of  radiation  and  decreases  directive  gain. 


pig.  3.37.  Directive  gains  of  systen  fcoa  n of  aateoaas  with  respect 
to  single  aaittec. . 
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Pig.  3.38.  Directional  characteristic:  1 • unifora  grating;  2 - 
grating  with  Chebyshev  distribut' on. 


Page  136. 


On  Pig.  3.38  for  a coaparison*  are  given  the  radiation  patterns  of 
unifora  grating  and  grating  with  tbe  suppression  of  aiaor  lobes  to 
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0.1  with  n > 5 and  d > O.SX. 


I-t  is  possible  n of  anteonas  in  question  to  break  into  two 
cophastal  groups  bp  n/2  antennas  and  to  connect  botb  groups  so  that 
the  Toltajes  of  groups  were  subtracted.  Then  we  obtain  radiation 
pattern  with  zero  along  perpendicular  to  the  line  of  aataanas.  il 
directional  characteristic  will  be 


where  P,  (9,  is  directional  characteristic  of  single  anteann; 

(d.  the  staudardized/norsalized  characteristic  b/2  of 

the  broadside  antenna  arrays; 


(9«  ' the  standardized/norsalized  characteristic  of  two 

groups  of  the  antanoas,  connected  on  differential  principle. 

sin  m rf  sin  9 cns 


r,  (0.  Ti 

sin  "1  ‘I  sin  9 i-ns  f j 
FaO,  ?)^sin(^-^’sinOcos?j. 


(3.79) 

(3.80) 


Here  « d n/2  is  a distance  between  the  siddles  of  both  groups  of 


antennas. 
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Aftec  substitating  focaula  (3.79) « (3.80)  in  (3.73),  Me  will 
obtain 


-cos 
n sin  ^ 


Hi  d sin  6 cos  ) 


m d sin  8 cos  ) 
i j 


(3.81) 


DifftrantiaL  dicectional  characteristic  (3.81)  is  syaaetrical 
relative  to  the  line  of  antennas  and  standard  to  the  lina  of 
antennas;  it  has  ainor  lobes  nunbec  and  aaxlaaas  of  which  depend  on 
separation  d and  the  nuaber  of  antennas  >f  systen. 

Page  137. 

The  nain  lobe  of  radiation  seeaingly  bifarcated  itaelf  - instead  of 
the  aaziaua,  dirasted  along  pecpeadiculac  to  the  line  of  antennas,  it 
has  zero  value  in  the  direction  of  this  perpendicular. 

The  iaportaat  characteristic  of  differential  radiation  pattern, 
which  detaraines  tha  accuracy  of  direction  finding,  is  autual 
conductance  la  zaro/'',.tU<.In  by  usual  antenna  to  syatei  with 
egnidistances  betveao  aateaaas  with  the  identical  voltages,  reaoved 
froB  separate  antennas,  for  the  nuaber  of  antennas 


n>b  oLfld.  - <0.r)rp(0)^0,7‘-^. 
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Foe  to  iocrtise  In  nutual  conductance  it  Is  nasassary  to 
roiovn/take  with  the  antenna  of  systen  the  dlffe'.'ect  voltages,  which 
decrease  to  the  edges  of  its  halves.  Dlrnctioea'..  ohacaotacistic  of 
the  optlnun  systaa,  which  has  the  saxinae  value  of 
slope/transcoaductance  in  zero  on  the  assigned  side-lobe  level  and 
with  the  niniaae  width  of  sajor  lobe  of  diageas,  is  the  polynoelnl  of 
ikhiyezer  of  degree  n - 1. 

(fork  [3.10]  gives  calculation  by  this  antenna  of  systee  and  are 
investigated  its  paraneters.  It  is  shown,  that  the  aaxiaally 
attainable  slope/t ransccnductance,  when  d/v  $ 1/2,  will  be 

r.  (0)  ...  I 

I'i'Viiauc  ’“r-*' 

•'"T 

eith  that  Which  was  assigned  2b  slope/transconductance  F\.{0) 
Increases  with  increase  in  n. 

With  d/x  > 1/2  slope/transcondoctance  — i.e.  has 

the  sans  value,  as  of  systee  of  two  antennas. 

A Ssf iciancyFlack  in  the  optinue  systeas  is  their  narrow  band 
coverage. 

A systee  of  the  vertical  wire  antennas  can  be  utiiited  as  rotary 
for  deterniniog  tie  direction  of  radio  stations  in  the  einiauB  or  in 
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the  Baxiaui  of  raliation  pattern. 

Page  138. 

In  order  to  sVttain  the  directional  reception  only  on  one  hand, 
one  should  to  use  reflector*  i.e. * establish/install  a sacies  of 
wires*  parallel  to  antennas*  in  that  side  froa  by  the  intanna  of 
systea*  whence  is  undesirable  reception.  Distance  of  cefLsctor 
usually  takes  equal  to  1/4  average  wavelengths  by  the  antenna  of 
systea.  The  wires  of  reflector  oust  on  height/altitude  pro ject/eaerge 
beyond  the  Halts  of  antennas  at  least  to  value  (/,,  - the  distance 
between  antennas  and  the  reflector.  To  the  saae  value  the  width  of 
reflector  to  each  side  aust  exceed  the  separation  between  extreae 
antennas. 

The  effect  of  reflector*  which  is  located  at  a distance  froa 
a series  of  the  vertical  wire  antennas*  is  considered  by  the  facts 
that  in  calculation  instead  of  each  antenna  of  systea  tahns  two 
antennas  at  a distance  one  froa  another  and  with  phase 
displacesnnt  1?0a  at  e.  d.  the  s.  of  antennas.  In  order  to  obtain 
directional  charasteristic  of  this  systea  in  front  of  reflector,  it 
follows  directional  characteristic  of  the  systea  of  aateaia  without 
reflector  (3,74)  or  (3.81)  to  aiiltiply  by  sin  (md,,cnsOj. 
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It  wa  betvaea  tha  separate  vert leal  vita  antennas  of  a series 
(Pig.  3.35)  lotroluca  phase  displacaaant  then  radiation  pattern 
instead  of  (3.74)  and  (3.81)  they  aill  be  expressed 


f(0,  3,  •i)=r  f,tO.  ?)•- 


tin  I ^ tin  9 cot  f ^ f ) 


n sin  {m  d sin  0 cos  p— v) 

r " 1 

i — cos  I y {m  d sin  6 cos  ? 

/I  sin  r -j  (/n  rf  sin  6 cos  ) — y)  j 


, (3.82) 


. (3.83) 


BqnaLlzlag  zero  arguaent  of  the  naaerator  of  expressions  (3.82) 
and  (3.83) « we  obtain#  that  the  aaxiaoa  or  the  ainiaua  of  the  sain - 
lobe  of  radiation  vith  phase  displacesent  Is  tarasi  t>  angles^, 

datatiineS  fros  the  condition 

Vfi.  —-md  sin  0„  cos  p.  (3.84) 

The  angle  between  the  opposite  saxisuss  or  the  siniasas  of 
diagraa  in  this  case  is  equal  to  l8O'’±2  0m.  i.e.  it  appears  the  fracture 
of  the  centerlins  of  radiation  pattern  relative  to  the  lise  of 
antennias. 

Page  139. 

Purthecsore#  diagraas  becose  asysaetcic  relative  to  seaterline. 


Changing  phase  displacesent  t|,„.  it  is  possible,  utilizing  a 
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■otioaless  sscies  sf  the  Tectical  vice  aateonas,  to  rotate  dlagcaa  of 
the  directivity  of  syetee  and  according  to  aaiiaQa  or  liaiana  of 
diagraa  to  detarilne  direction  in  radio  station.  Def iclescy/lacks  in 
the  systea  are  fracture  of  the  centerline  of  cadiatioa  pattern  during 
its  rotation  and  asyaaetry  of  diagraa.  The  first  def icieasy/lack 
drops  off  during  the  application/use  of  a reflector,  since  is 
eliaiaeted  one  of  the  sazianas  of  reception.  Asyaaetry  ef  diagraa 
Units  o,,; 

For  obtaiaiaj  the  rotation  of  radiation  pattern,  phase 
displaceatnt  I’mi  should  design  froa  (3.84)  for  certain  naan  angle  of 
the  slope  of  a frnnt  of  vave  and  calibrate  phase  dispLaceaent  in 
the  degrees  of  tha  rotation  of  the  saxiaun  (or  the  niBiaaa)  of 
sadiation  pattern. 

With  a changa  in  the  angle  of  the  slope  of  a front  of  wave  d,  is 
obtained  tha  high^altitude  error  in  the  deternination  of  the  aariauB 
(or  tha  ainlaua)  of  radiation  pattern. 

Actually,  at  the  angle  d,  different  froa  for  ehich  are 
designed  phase  displaceaents,  the  aeasucad  angle  (r„  Mill  not  be 
egnal  teal  (r.^,  siace 

Sin  <fn  cos  ? = sin  <f„  cos?„.  ,3.8.-,^ 

Will  be  obtained  the  error  in  the  deternination  of  directiooAr^if,,— if,v 
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which  It  is  itslgnad  with  th«  aid  of  foraola  (3.3S). 

On  Pig.  3.39,  ar«  giv«n  to  the  depeadence  (Thob'^'*  with 
different  fi  froi  0 to  60®  and 

If  phase  displaceaeDts  of  systea  are  designed  for  nay  other 
angle  of  the  slops  of  a front  of  wawa l’>c?^0°,then  bigh-altitade  error 
for  an  an) It  of  incidence  fi  is  egnal  to  a difference  in  the  ordinates 
of  carves,  that  correspond  to  the  valnes  of  angles  of  incidence  fi  andf^c 
at  the  assigned  valaes  or  a difference  in  the  abscisias  of  the 
sane  curves  at  the  assigned  valaes  'Tm 

During  caLculation  by  the  described  antenna  of  systan,  it  is 
necessary  to  consider  notual  antenna  resistance,  which  is  deterained 
froB  the  aethod  of  those  induced  by  enf  ^3.1#  3.i|  If  aitenna  systea 
is  designed  fcon  a of  autennas,  then  they  are  usaally 
establish^iostalled  by  n ♦ 2 antennas. 

Page  ISO. 

Eztreae  antennas  ace  not  included  in  diagran  and  serve  only  for  the 
creation  of  the  identity  of  the  resistor/ resistances  of  all  antennas. 

Systea  with  icnte/sharp  radiation  pattern  as  any  other  antenna 
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systaa»  it  chtrtctaclctd  bf  the  radiation  rtaiatanca,  afflciencj  and 
KND  £dicactiTity  factor].  Thaaa  paraaatecs  dateraina  tha 

senaitiTity  of  calio  dlcaction  finder. 

Tbe  tethola  >f  tha  calculation  of  tha  indicated  pacaaetaca  by 
the  antenna  of  ayatea  are  set  forth  aith  the  courses  of  aatanaaa. 


Page  140*  | 

•5 

I 

a 

•T 

1 

Circalar  antenaa  systaas  with  acute/sharp  directional  ;liira;teristic.  ^ 

i 

4 

i 


roc  the  ceelisation  oC  seootb  rotation  to  360*  asdta/sharp 


directional  chtcas teciatic  in  eotionleea  antennas*  is  applied  antenna 
systen  froa  arcaayed  on  circnsference  n ot  the  fectisal  vire 
antennas,  k cicealar  antenna  syates  can  be  utilized  with  reflector 
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and  vlthoQt  raflastor. 


iThe  princLpI»  of  focnation/adacatloa  aod^^otatioa  of  radiation 
pattern  in  bf  the  circular  antenna  to  njsten  includes  the  following 
(Pig.  3.40).  Proi  a of  the  antennas  of  systen.  are  selected  a of  the 
antennas  which  forn  direction* finding  gronp.  In  the  aateaaas  of  group 
with  the  aid  of  aatenna  coseutator,  is  introduced  to  the  rlrcult  of  a 
tine  delaf  in  this  value  (11*/c«  22* /c,  33*/c  ...*  where  3 is 
velocity  of  propa|ation  of  radio  waves) in  order  to  nata  area  the 
phases  of  eaf  of  the  antennas  of  group  for  direction  30*  and 
seeslngly  to  lead  antennas  to  those  who  were  arrange/looated  in 
straight  line  iA|.  By  the  central  line  00*  of  the  antenna  of  group 
they  ace  livided  Into  two  sebgronps.  Enf  of  the  antennas  of  right  and 
the  left  of  subgroups  store/add  up  into  two  voltages  Bt  and  Bi  which 
for  direction  fialing  they  ace  suaearitedr  or  fros  E|  it  is  deducted 


During  the  rotation  of  antenna  cosnutatoc/  change  the  delays  in 
antennas  and  antaanas  thenselves  so  are  changed  over*  that  the  center 
of  lime  ail  seeslngly  rotated  synchronously  with  the  rotation  of 
conautator  in  inttroal  broken  circuaference  (Pig.  3.40) t the  line  of 
antennas  occupyin)  positions  BBa,  CCt  so  forth. 


.i>i>  it  mkf  riaMifc-nui 
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Pig.  3.40.  PriQcipIe  af  the  use  of  a circular  systee  af  iDtaunas. 


Page  142. 


When  the  Line  of  antennas  CC|  is  perpendicular  to  direction  in  of 
radio  station  p,  is  obtained  aaziaun  voltage  according  to  total 
directional  characteristic  and  zero  voltage  according  to  lifferentlal 
characteristic. 


To  Pig.  3.41,  are  shown  the  total  and  differential  radiation 
patterns  of  direct  ion- finding  group,  ninor  lobes  in  figure  for 

sinplif ica tion  are  not  display.  Antenna  coiaatator  consists  of 

motionless  stator  and  the  rotatable  rotor  (Fig.  3.^2). 
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Pig.  3.*1.  Total  and  diffacential  cadiation  patterns: total 

diagraa#  • > - differsntial  dlagraa. 

Pig.  3,42.  Dlagras  of  antenna  coaautator  for  by  the  circular  antenna 
of  systen. 

Key:  (1).  Switch  Ls  snn  of  difference.  (2).  Beceptor.  (3k 
Transforaers  of  the  subgroaps  of  antennas.  (4).  Circnits  3f  tine 
delays.  (5).  To  the  antennas  of  circular  systen. 

[page  14^  Stator-rotor  unit  have  plates,  serving  foe  tae  creation 
of  capacitive  coupling  between  then. 
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To  the  plates  of  stator,  ace  connected  the  antennas,  to  the 
plates  of  the  rotor,  which  has  two  sywaetcical  halves,  serving  for 
the  creation  of  two  halves  of  the  group  of  antennas,  are  wired 
circuits  of  tine  delays. 

The  latter  ran  be  fulfilled  in  the  fora  of  the  cut  cables  or 
artificial  line.  Delay  units  can  be  utilized  separate  for  each  plate 
of  rotor  or  can  ha  applied  coaaon/general/total  for  each  half  of 
rotor.  The  electrical  length  of  chain  of  tine  delays  is  designed  on 
the  basis  of  geoaetry  by  the  antenna  of  systea  for  certain  initial 
angle  of  the  slope  of  a front  of  wave  During  the  application/use 
of  cosnon/general/total  delay  circuits,  the  load  froe  aatenoas  aust 
be  4-5  tiaes  the  tore  than  wave  ispedance  of  circuit,  fheo  the 
disturbance/bceakiovn  of  the  aode  of  the  traveling  wave  snail  is 
retaioed  the  electrical  length  of  line. 

The  nusber  of  plates  of  stator  is  egual  to  the  nuaber  of 
antennas  (n) . The  nusber  of  plates  of  rotor,  which  are  nesessary  to 
one  plate  of  stator,  or  the  sultipllcity  of  the  plates  of  rotor 
relative  to  the  plates  of  stator  Is  selected  based  on  the  instrusent 
errors  of  antenna  cosautator  (see  §8.9).  Total  nuaber  >f  plates  of 
rotor  depends  on  the  nusber  of  antennas  in  direction-finding  group. 
Separately  store/idd  up  the  voltages  of  right  and  by  the  left  of 
subgroups  B|  and  Bj*  By  a special  switch  is  realized  addition  or  the 
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subtract l»n  of  voltages  Bt  and  Bf 

Direction  finding  consists  in  the  searching  of  aariiaa  or 
niniaun  of  reception,  ingle  on  the  scale  of  antenna  of  arounulatoc 
corresponds  to  azianth. 

Direotiott  flading  can  also  be  realized  uirhout  the  rotation  of 
antenaa  coaautator  according  to  the  saa-'and-differenca  aathod  whose 
principle  is  dasccibed  into  §2.3.  For  this*  antenna  coaaatator  is 
establish/installad  so  as  to  lead  the  directlon^f lading  group  of 
antennas*  for  ezaiple*  to  straight  line  Alt  (see  Fig.  3.40).  The 
central  line  in  this  case  is  the  zero  reference  line  of  bearieg. 
The  soa  of  tha  voltages  of  two  subgroups  of  autennas  AD  aad  DAx{U,) 
is  fed  to  one  pair  of  the  plates  of  cathode^ray  tnbe*  for  ezasple  to 
loagitodinal  plates. 

Pago  144. 

Voltage  dlffecenca  of  these  subgroups  of  antennas  ace  phase 
shifted  by  90**  is  fed  to  the  second  pair  of  the  plates  of  tnbe* 
cespectivalf  to  horizoatsl  plates.  Direction  finding  is  realised  in 
certain  sector  2 


Let  us  replace  each  subgroup  of  antennas  with  one  aguivalent 
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aotttniia  vltli  •ffastlTs  haighit  /ir 

Let  08  dosigaato: 

2^3  • thft  aguLvalant  separation  of  two  antennas#  whish  replace 
the  eobgroops  of  Antennas; 

e*  * the  asiaoth  of  radio  station  with  line  OOf 

Then  in  accordance  with  that  which  was  presented  is  aarlier  the 
aaplitude  of  the  s ua  of  the  voltages  of  the  antennas 

— 2E/i,cns(wiAj,  cos  ^sin  O'J, 

the  aaplitude  of  voltage  differeac«  of  the  antennas 

~ 2E/i„siii  cos  ? sin  6'). 

On  cithode*raf  tobe  is  counted  off  the  angle  a#  detecained  b| 

u, 

expression  tga= tii(wiA»cos^sinO),  or  a—mA^cos^sinO'  — 0,5(2//i^BCos^sin9'). 

Angle  on  cataode-*ra7  tube  is  egaal  to  the  half  of  a difference 
is  pbasen  Baf.  io  the  antennas  ■},  since  y = 2/«/;oCos?sinO'. 

The  scaling  factor  k„  froe  angle  on  catbode*ray  tube  a to 
aziauth  B*  will  be  (at  Low  walues  0*#  when  sin  6*  0*  I • 

K„  — m/’-,  cos  3- 

Hhen  d » 0 Krt  — — and  • 

A Kn 
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is'? 


The  sector  of  direction  finding  (2.18)  is  detereiaal  b;  the 
expression 


IT 


HAKC 


or 


20'„,ho  < 


28. 6X. 

b. 


deg. 


To  ptcforaaize  celcalation  of  the  directivity  of  cicsular 
antenna  syatena  is  dedicated  a series  [3.12,  3.14,  3.  IS]. 


Let  us  deteciine  for  an  exaaple  of  the  expression  of  directional 
characteristic  for  by  the  antenna  of  systea  without  raflactor  in  the 
case  when  for  th»  foraation  of  directional  characteristic 
siaultaneo Qsly  ace  utilized  all  antennas  [3.12]. 

Page  145. 


Ve  count  off  aziauth  e to  radio  station  f::oB  diaaeter  by  the 
antenna  of  systea,  of  the  corresponding  to  the  position  of  the  line 
of  syeaetry  antenna  coaeutator  (CCj  on  Fig.  3.43).  Let  us  designate 
by  «o  the  angle  between  direction  of  CC|  and  by  the  radius,  carried 
out  to  the  aearest  to  it  clockwise  antenna  which  let  us  consiler  the 
n*th,  Boreover  it  varies  froe  0 to  2v/n. 
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If  Bo  is  stcsDjth  3f  field  at  the  center  of  the  sy^tci:  b > the 
radius  of  a circla  of  the  arrangeeent/pereutatlon  of  intaanas,  then 
eef  induced  ie  the  a anteaaa*  vill  be 


Em  — exp  ^ 6 cos  P cos  I^O  — ^ ^ j . 


In  the  case  In  question  line  AA|,  to  uhich  are  led  all  antennae 
by  Beans  of  the  iatroduction  of  the  phase  delays  in  eaf  of  aatennasr 
is  tangential  to  the  circuaference  of  the  arrangeaent/peciutation  of 
antennas  (see  Pig.  3.43).  In  eef  of  the  a antenna,  in  oriar  to  lead 
the  phase  of  eaf  of  this  antenna  to  the  phase,  ehich  corresponds  to 
line  AA|,  is  introduced  phase  displaceeeat  M >' 

/'2n 


'Pm  — 7 Ocos^c  [ i -rC0S^7«H-4,^ij. 
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Fig.  3.43«  BciDgiog  by  the  anteaoa  of  circular  systen  t3  linear. 


Page  146. 


The  roltage*  removed  froe  the  a antenna,  taking  into  account  ?•>. 
is  equal 


0„  = E./4„  exp  i h j cos  -I  cos  ^0 

nn 


2n  \ 

- in  - a,  , - 
n ’ / 


— COS  pe  cos  m 'h  ^ I “X 


The  iaet/lattec  tern  of  exponent  does  not  depend  on  ag  V* 

convert  the  dapealing  on  co  and  ^ pact  of  the  exponent: 
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cos  p cos  ^0  — m — — cos  ?ocos  = 

sbcos  m 4*  a,^  (cos  p cos  0 — cos  ?o)  + 

4-siti  m + a,^  cos  ? sin  6 “ cos  ^T  — 7"  - “o^ 


«li«ce  i4  = ^^cos*34-cos*|ic  — 2cospco8pe  cosO  (3.87) 


and 


tK  f 


_ toi  I iln  I 
I'OS  ( cos  0 — lUS  )c  ‘ 


(3.88) 


Aftar  sabstitatift)  (3*87|  and  C3.88)  in  (3.88),  aa  will  obtain 

= Mca  ex|) |/ y bA cos(*f  — in  - *•) J — 

-/yftcosPoJ.  (3.89) 

It  la  decoapoaad  (by  3.89)  la  Poarlar  sarlaa  - BaaaaL  analogous 
with  oxpanaion  (3.49),  aocaowec  factor  e la  not  cooaldered* 

alnca  it  does  not  depend  on  G and  a«: 


(3.89') 


Let  ua  dataralna  sith  n awen  the  total  voltage,  caaored  fcoa  all 


antennaa: 
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^ 

I'i 


or 


<f  00 


+2'^)^rj,.({%A) 


(iml  pm\ 


OD  Cl'f 

+ 2 1^?"- 6.'\V.)s(u/t(T  — a,))|.  / (3.9()) 

0 jsl  / 


Pago  147. 

9lth  additloa  it  io  accoptod  ioto  conoid oration,  vhisb 

It 

J]  cos  J/7  ^ m - a,  J J = rt  cos  [vn  [■(  - a,)) 

with  p * vn  Is  ogual  to  zoro  at  other  values  of  p. 

Bxpcissioa  (3<90)  deteraines  total  diroctional  characteristic  by 
the  aotonaa  of  syston.  Osnally  it  is  possiblo  to  bo  costcictod  two 
first  tarns  of  the  sorios 

+ co5[/i(T-Ol}. 

(3,91) 
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So  tkat  it  ifould  b«  posaibla  to  disregard  the  ssooal  tere  of 
expreesioB  (3.91)#  it  is  necessary  to  select  the  nueber  of  antennas# 
so  that  the  distance  between  then  will  be 

d < (0.45  H- 0.5)  i.  (3.92) 

This  condition  Aateraines  the  aecesnary  neaber  of  anteaaas  with  that 
which  was  assigneSx—  and,  on  the  contrary#  oaoses  the  pereissible 
sense  r-^-  with  the  assigned  nanber  of  antennas.  Then  total 
directional  charaotecistic  is  deternined  by  the  expressioo 

FJO.  ?)  = /.(?  6 A (3.93) 

Cn  Table  3.1  ace  designed  doting  fulfilling  of  regoicenent 

b 

(3.92)  for  valoe  for  the  different  nanber  of  antennas  n when 

3 -rr  20- 

. In  then  are  aade  angles  which  Unit  the  aain  Lot>»  of 
radiation. 

Page  1.48. 

When  A that  - 2c<tsPr  sin-^-  and  y ■ w/2  ♦ 9/2. 

In  tain  case  the  expression  for  total  directional  characteristi 


takes  the  foes 


{0,?  = ?c)  — K 26  cos  pc  sill-®-). 


(3.94) 
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The  eeplitttlfts  of  the  einoc  lobes  of  chacacteclstio  (3.94)  have 
relative  values  3.  403:  0.3:  0.25;  0.21  so  foctb.  On  Pig.  3.44,  are 

V.  [)  = pc=7  20° 

constructed  for  aa  exaaple  total  directional  characteristic  vkmfTA 
for  different  ratios  2b/X  and  the  different  nosber  of  aatannas  I 
[3.12], 

Table  3.2  gives  the  values  angles  liniting  the  ninor  lobes  of 
directional  characteristic  in  plane  ? — 0^. 

iith  6 - 0 va  obtain  expression  for  total  diractloaxl 
characteristic  in  the  vertical  plane 

5(0  = 0,  ?)  = /,  j\’'6(cos?  -cos-ic)].  (3.05) 

On  Pig.  3.45,  is  constructed  for  an  exasple  directional 
characteristic  in  vertical  plane  for  b/X  * 0. 7S  and  pc  = 20^ 
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Table  3. 1-  Pacaaeters  by  the  clrcolar  antenna  of  systea  djpanding  on 
the  nuabec  of  antannaa  a when 


tHTCKn  tx 

6 I 

1 

* 

:2  ! ifi  ■ 2>3 

k— ’ i 

24  j 28 

1 

32 

30 

40 

Afiafi 

X cos  pc 

0.965 

1.27 

i i 

1,01  (2.54  !. 3. 18 

i j 

3.8  ! 4.4.5 

1 

6. 1 

6,76 

6.37 

r^rpaiiH*!- 
Hbitl  yro.i 
r;i«SHOro 
vienecTita 

CyMMBpHOA 

xapaKTe- 

pHCTUKM, 

zpad 

50.4 

j 

38 

25  j 18  ' 1.5 

• 

1 ' ' 

1 ! 

1 : j 

i 

12  3;  10, .5 

! 

: 

' 1 

i 

0.16 

A.  1 

1 

1 

7,3 

1 

1 

1 

1 

Ray:  (1).  iaaber  jf  antannaa  n.  (2).  Halting  angle  of  nijot  lobe  of 
total  chacactaclstlcf  dag. 


Page  149 
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In  Table  3.3  ace  designed  the  aost  latecestlag  valaat  of 

Pc -20*. 

directional  chacastecistic  in  the  vertical  place  sbec  /\  aacely  of 
chat  act  ectstic  value  with  p « o»  acglas  Pmshc.  correspoadlag  to  the 
weaheaing  of  aajor  lobe  to  O*?  cc4  P^mumo  oc  the  beandacy  of  cajoc  lobe 
(With  seco  valoca  of  chacactecistic) . 


' "'AA-' 
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t* ; ^ 

M: 


( 

j 

i 


I 

I 

i 

i 


Table  3.2. 


Values  of  the  aDjles.  vbich  cocceapoad  to  the  Bazlauas  also  of  zero 
log/lobes  of  total  dicectioftel  characteristic  by  the  circalar  antenna 
of  systea  in  pleat  -o* 


(/} 

' lUMMeMonaitMO 
Tl^lltCrK^ 

(J 

1 ' " 

= " 

. - 

OTIIOiDCIlMe 

T 

if”  1 

' o,ss 

1 o.s 

i 

i 

3.0  1 S,5 

(*)r  ' 

1 1 
i 1 ! 

1 

ir  ' 

1 

0“ 

1 

' 0’ 

i 1 

i 0'  ' 

o 

O 

o 

C 

l_ 

CTOK  XapAKTC;)!!- 

, 0 ' lOO" 

4ry 

! 22^ 

, ir,»40' 

11®  ; 8®  40' 

CTHKH  lianiinn- 

1 : 

1 1 

1 1 

.ncmiotTu 

i 

1 1 
J 

1 1 

1 

ClOKQ- 

i 0,403' 

""  1 

75’2n' 

! 35' 40- 

i 23”40' 

; I7'40''  14' 

OOH  .ICflCCTOK 

, 0 1 

( ‘ 

I23"20' 

1 52^20' 

134' 10' 

25':)()';  20’20' 

^^TOpOii  0(7KO* 

1 0.3  i 

1 

1 i 

1 4 1'20’ 

32'.')0'  ■'0' 

non  iicnccTOK 

! 0 i 

1 

i 

1 ' 

1 

87“  30' 

! 55'  ' 

39°20',  32° 

f^pcTdii  6nK0- 

' o.2r> ; 1 

i 

108' 

! r,,-,'2()’i 

48'  , 38' 

noM  .icnccTOK 

. 0 ; 

1 

1 

! 40'40' 

; 77''vA 

51.'  ; 44' 

^^leincpriiiM  6o- 

! 0,22  ■ 

1 1 

j 

1 j 

180'  (0, 10) 

1 00' 

r.4'  ’GO' 20* 

KoeoA  4«iiecT0K 

Li_i 

j ! 

; laS'  1 
• 1 

73'  ; 57’ 

^nuTWft  OOKOUOH 

1 ! 
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Key:  (1).  Dasignatloa  of  lobe.  (2).  Keplitude  of  lug/lobe.  (3). 
Belation  b/x  co6^^>  (4),  Hajoc  lobe  of  directional  characteristic. 
(5).  First  ainor  lobe.  (6).  Second  tinor  lobe.  (7).  TiiLcl  nlnor  lobe. 
(8).  Foorth  ainor  lobe.  (9).  Fifth  ainor  lobe. 
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Pig.  3.45.  Dirtcklonal  charactstlstlc  la  vertical  plana. 


Page  1S1. 

Let  ns  detacaine  the  aepacatlon  of  tvo  aateaaaa  2b:,,  afaivalent 
by  the  olccular  lataana  to  systea  in  the  to  the  width  of 

aajoc  loba  of  total  dicectional  chacacteriatic. 

0e  sat/assaaa  CoaditioBS  for  obtaining  tha  b>andary  of 

aajor  loba  of  total  directional  characteristic  of  circular  systea  and 
systea  of  two  antennas  will  be  respectively 

■^-6sin-*-  = 2,4irj^^ft,sin6,=^ 

we  take,  that  sinO.^6., 

T**®®  = 0.043 b 
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ot  2/),=  1,2%,  vh«c«  2b  is  a saparatlon  (dlaaetsc)  of  antanaas. 


lot  us  £io4  •zpcossioa  foe  diffoeontiai  dicoctiosal 
charaotaristi?.  Tjltage  dlfferooco,  rosovod  fcos  diasotrisally 
opposite  anteoftaa  the  e-th  and  (a  ♦ n/2)*1  of  (3. 89M*  elLl  be 

'« ' 

= 2E.A.„  Ij  j'lj,  J ?"  jeos  1 9 ? >n  - a.)  - 

-cos  ^<7  «/  -r.-a,j  jj  = 

*=■  1 

Xsin[<7^Y-  |^««-|--a,^Jsin'vy|  (3.96) 
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Table  3.3. 

Characteclsti=  valves  of  total  directional  ebaractecistic  by  the 
circular  antenna  of  systea  in  vertical  plane (O  ?)  when  ^ 2o°. 
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(y^  = ;4eA.|]  (-  (t-^'')x 

Xcos  [(2;i-1)(y- 


Page  1S3. 


foLtage  diffarease  fcoa  all  anteaaas  vlll  be  (sa*  Fig.  3.43) 


X J]  cos  :,2/;-  i ) ^ « ■».)]. 


where 


^ cos  1(2/7  2^  .7,  I = 


c.>s;(2/7 


i;(;  - Jo'i  V cos  I (2/7 - 


iiii(2/7  -1)(Y  ' a#il  ^ •''in  - >r,"' 
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Aftsc  deslgnttlag 

A- ^(2;, -1)1;, 


after  traasf oraatLons  «•  vill  obtain  (s««  (1.3U2) 


HI  If 


= C(*s|(2/?—  l)(l[  — a,)J-i-sin  \{2p  - l)rf  -a,))  < 
X cos  1^(2/; - l>-|^jcoscc  [(2/7-  1) 

=s.n  [(2/7 _ 1 — a,  + jj  cc^-c  [(2/7 
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It  sailed  up  voltag*  fro*  all  aatannaa,  w*  will  abtain 

OD 

U,  ^ /4E./.^  J]  (-  I )•-  V.^ . , 6^)  X 

Xsin  [(2/)-1)A/+  )]coscc  [(2/7-  I)  ^J.  (3.97) 

The  standaclLzed/nocaaliied  differential  characteristic  has  the 
expression 

<■> 

A,(0.  ii)- 

pal 

Xsiti[(2/7-  1)(y4- --«.)]  coscc|(2/>-  I)  (3.98) 

in  exasple  of  differential  radiatio*  pattern  is  givaa  in  Pig. 

3,  46. 

The  presence  of  reflector  is  led  to  the  peaking  of  directional 
characteristic.  Reflector  is  establish/installed  froa  antenna  at  a 
distance,  equal  approxlsatel j of  1/4  average  eavelengths  of  operating 
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ra nge. 

The  lethod  pecCoraance  calculation  of  the  dicectirltj  of  the 
group  of  the  anteanas  of  circular  systen  uith  reflector  Ls  presented 
In  [3.15]. 


i 


Figures  3.47  gives  for  a cosparison  najor  lobes  of  total  and 
differential  directional  characteristic  for  by  the  circular  antenna 
of  systea  vith  reflector  on  wave  18.8  a and  cosinusoidal 
character ist ic. 


Pig.  3.46.  Difference  directional  characteristic  of  circular  systea 
of  antennas. 


Page  155. 


Paraaeters  by  the  circular  autenna  by  the  antenna  of  sfstea  (Seram 
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radio  dlractlon  ELndec  "Y alien ▼ebec*'  of  developaent  1980*1945)  : n « 
40,  a > 8,  2b  ~ 120  a,  reflector  it  is  est ablish/installed  at  a 
distance  12.5  a of  antennas;  antenna  vertical  with  a dlaaater  of  3.4 
a»  b;  the  height/altitude  of  7.5  e,  with  capacitive  load  above; 
freguency  band  6*15  NHz  [3.14]. 


3.12.  intannas  with  logarlthaic  structore. 


so  that  the  anteana  will  be  eide-range,  i.e. , it  hat  the  not 
changing  with  change  freguencies  entry  iapedance  and  radiation 
pattern,  it  east  have  the  snoothly  and  egually  changlag  along  the 
length  section  and  the  equivalent  length,  inversely  proportional  to 
frequency.  This  reguireaent  satisfy  the  infinitely  eitasdad  antennas 
whose  fora  is  dectrained  only  by  saoothly  changing  angular 
diaenslons.  The  problee  of  developing  the  wide-range  anteana  of 
finite  length  is  finding  such  structure  whose  fors  is  detarnined  by 
angular  diaensiont  and  the  behavior  of  final  part  of  which  at 
freguencias  higher  than  certain  boundary  approaches  behavior  of 
infinite  structure. 

Proa  the  flat  antennas  of  such  property  possesses  the 
logarithnic  spiral  (Pig.  3.48)who8e  equation  P—  ke‘**'^***<  where  h and 
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a,  constant  csaff Icleats,,  #o  it  dateraikas  tka  baglnalag  of  apical 
[3.17]. 

Of  two-pass  apical  the  sacoad  aca  is  obtainad  froa  the  ficat  by 
its  shift/shaac  ta  180^.  Bxpaciaantally  datactad  that  with  aatanaa 
faad  in  cantac  tha  intaasity  of  caccant  in  acas  falls  on  20  dB  and 
aoce  aftec  tha  passage  of  the  tocn  whose  peciaatec  is  appcociaately 
egaal  to  waTolength.  Thecafoca  a change  in  tha  wavelength  is 
equivalent  as  if  rotation  of  spical. 
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, J*)*) 

Pig.  3.47.  Coipaclsoit  of  directlooal  characteristic  of  circular 
sjfltea  «ith  reflector  aad  coslnasoidal  characterletic. 

Key:  (1).  Total.  {2).  Differential. 

Page  156. 

The  hounilarp  waves  of  the  helical  aatenna  are  deterained  by  the 

length  overalls  and  saallest  tarns*  fteguency  band  raachni  20~fold. 

< 

To  ainiaua  wave  baaldes  the  diaaeter  of  spiral  affects  tha  sethod  of 
antenna  feed.  Plate  spiral  can  work  as  electrical  and  as  sagnetic 
(slot)  antenna.  With  the  feed  of  slot  antenna  to  the  edges  of  slot* 
is  soldered  the  viin/strand  and  the  outer  covering  of  cable.  The 
diaeeter  of  cable*  thus*  Halts  ainieue  wavelength.  a1  antenna 

possesses  elllptisal  polarization  with  an  elliptic  coefficient  of  to 
2:1.  The  width  of  the  lug/lobe  of  radiation  pattern  at  half  power 
varies  fros  40  to  SO'*.  Traveling-wave  ratio  with  the  feeder*  which 
has  p.n-'iOohs*  is  aora  than  0.5. 

The  eelical  antenna  can  have  a resonator  for  providing  the 
ttsidirectional  reception.  The  diaeeter  of  resonator  sust  soeewhat 
exceed  the  diaeeter  of  spiral*  which  is  taken  equal  approx iaately  0.5 


The  helical  inteseas  are  applied  aainly  at  euperhigh 


p « 


\ 4 

- i : 
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freqaenclts.  Shea  it  is  requited  to  obtain  in  the  wide  section  of 
uittaehoct  or  short  saves  the  not  changing  weakly  dirnctal  radiation 
pattern  and  good  agceaaent  with  feeder>  can  be  used  antenna  with 
logarithnic  periodic  structure  (LPA)  [3.4,  3.16-3.21]. 

Diagras  of  LPA  is  shown  in  Pig.  3.49.  Antenna  consists  of  two 
identical  parts  of  I and  IZ.  Part  II  is  forned  by  neans  of  the 
rotation  of  pact  Z through  180^  around  the  axis,  perpendicular  to  the 
plane  of  antenna  and  passing  through  the  point  of  the  connection  of 
feeder.  The  bent  on  circular  arc  the  teeth  of  alternating/vaciable 
length  are  the  vibrators  of  antenna.  The  circular  sectors  froa  which 
are  branch/shunted  the  vibrators,  ace  current  distributor.  With  the 
location  of  parts  I and  II  in  one  plane  (Pig.  3.49a)  the  radiation 
pattern  is  obtainad  bilateral  and  has  sajor  lobes  along  the  axis, 
perpendicular  to  the  plane  of  antenna.  * 
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If  parts  I and  II  ace  astablisn/installed  at  an  aogl©  ^ on©  to 
another  (Fig.  3.49b),  then  radiation  pattern  beoones  oae^aided, 
Boreovec  its  aixlaun  (principal  direction)  it  is  directed  along  the 
hisectoc  of  angle  xj-  to  the  side,  opposite  to  the  aperture  of  parts 
I and  II. 

the  vibrators  of  LPA  can  have  also  trapezoidal  fore.  They  are 
fulfilled  froe  continuous  aetallic  sheet,  fron  the  vies,  vhich  edges 
the  ducts  of  antenna,  or  fros  single  vires.  Figures  3.SJa  depicts  LPA 
with  vibrators  froa  single  wires  at  the  angle  between  the  parts  of 
antenttMi  vj-O  single-vice  antenna  can  have  also  zigzag  strucf’ce 
(Pig.  3.S0b). 

The  paraaetvrs  of  LPA  are  r,  w,  at*  Pi' 


where  R,,  R, Rn  ^ distances  fron  in-feed  to  the  periphery  edges  of 

vibrators: 


r,,  r, — .^n  ace  distances  froe  in-feed  to  the  internal  elges  of 
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▼ibEatota; 


''n  • tkickoess  of  the  n vibrator. 


Fig.  3.49.  Lojarithaic  periodic  anteofia: 


Page  158. 


Calculation  begins  fron  the  vibrator  of  naxisuB  length 
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fha  sottstancy  of  values  r and  • of  all  vibrators  is  caused  by 
the  structure  of  antenna* 

According  to  the  operating  pcinciple  of  LPA,  it  is  the  coeplez 
director  antenna*  which  consists  of  the  separate  groups  of  the 
vibrators  each  of  which  includes  active  vibrator*  reflector  and 
director.  For  the  correct  work  of  the  group  of  vibrators*  the 
resistor/resistance  of  reflector  eust  be  inductive*  and  director  * 
capacitive.  This  is  achieved  by  the  shortening  of  the  length  of 
director  and  by  the  elongation  of  the  length  of  reflsctoi:  relative  to 
the  length  active  vibrator  t a,  inclined  to  the  adopted  wave  Kih/g  s 
X) , Then  ourrent  in  reflector  anticipate/leads  current  in  active 
vibrator*  and  current  in  director  lags  behind  this  current  and  are 
satisfied  the  conlitions  of  eaxieoB  reception  froi  director  and 
■inieua  froe  reflector. 


OOC  ■ 77223208 


PAGE 


Pig.  3.50.  Singl?-vire  logacithaic  antenns:  a)  with  single  vibrators 
b)  zigzag. 
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Let  for  the  idopted  wave  (Pig.  3.50)  vibrator  4 be  inclined  into 
resonance.  Yibratar  5 is  director*  vibrator  3 * by  reflector. 


Because  of  tie  passage  of  the  currents  of  vibrators  3*  4*  5 
along  feeder,  the  voltage  drop  in  conaon/general/totaL  Load  (;ron  the 
current  of  reflector  3 had  to  lag  behind  voltage  behind  the  current 
of  active  vibrator,  and  voltage  froa  director's  current  S > to 
anticipate/lead  his.  However,  because  of  diagran,  obtaining  vibrators 
of  the  phase  of  the  currents  of  vibrators  3 and  5 are  additionally 
turned  to  180<>  relative  to  the  current  active  vibrator.  As  a result 
of  voltage  fron  tie  currents  of  all  three  vibrators,  approxiaately 
they  coincide  in  phase  and  for  principal  direction  ace  craated 
favorable  conditions  for  the  fornatlon  of  radiation  pattern.  The 
currents  of  the  raaaining  vibrators,  strongly  detuned  in  frequency  by 
relatively  taken,  are  low  and  do  not  affect  the  foriatloa  of 
radiation  pattern. 

During  tha  alongation  of  wave,  coses  into  action  the  group  of 
vibrators  2,  3,  4 and  of  so  forth. 

With  an  increase  in  the  angle  S'  the  three-diaansiooal/space 
cosBunication/coaiection  between  vibrators  decreases,  gcow/cises  the 


*1 
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cole  of  current  llstributor  In  the  establishient  of  the  phases  of 
stresses  fros  vibrators.  Slsultaneously  Increases  recaption  by 
currant  distributor.  To  vibrators  is  realized  the  recaption  of 
horizontal  electric  field*  to  current  distributor  - vertical  electric 
field.  Antenna  vith  logacithnic  periodic  structure  poasusses 
therefore  circular  or  elliptical  polarization. 

If  parts  I aad  of  II  antenna  to  connect  is  antlphasa.  than  it  is 
possible  to  obtain  two-lobe  radiation  pattern  with  zero  in  the 
direction  of  tha  bisector  of  angle  between  pacts. 

At  each  fceguency  current  distributar  is  loaded  by  the 
resistor/cesistances  of  those  vibrators  which  are  tunad  tj 
freqotncias,  closest  to  that  which  is  taken.  The  reactance  of 
vibrators  has  different  sign  and  approxiaatel y they  ate  conpensated 
for.  There  renaina  only  effectivo  resistance*  and*  thus*  can  be 
reached  good  agrweaent  with  feeder  over  a wide  range  of  frequencies. 


Pcaqusncy  band  lPA  is  detercined  by  following  considerations. 


Page  160. 


On  nazlnun  wive  works  the  longest  antenna  vibrator  by  lengthA 
noceovec  - 'UK.,yr-  kespectlvely  for  ^‘'>"1  we  have 
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Investigat Ions  showsd  that  the  vibrator  on  which  is  pli'sl  aore  than 
2»2«5  waves*  sigai f icactly  lakes  diagrai  worse  directivitf.  last  be 
fwlfilled  coniltian  Consaquentlj*  celatioo 

the  group  of  vibrators  lle/rests  withia  the  limits  of  8~10  tins. 


The  aetbods  of  perforaance  calculation  of  the  directivity  of  LPA 
are  presented  in  (3.(1*  3.18]. 


In  LPA  one  siould  have  following  relationship/ratios  between  r 


and  cr 4 ; 


t=^0,83;  0,8;  0,73;  O.Ofj; 

< = 10;  14;  19.  24.  30;  37.  45. 
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Table  3.4.  Soaa  shacactecistic  of  LPi. 
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40 
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7.7 
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Key:  (1).  P^raaetscs.  (2).  Midth  of  eain  lobe  duriog  a decrease  in 
the  power  2 tlues,  2 rad.  (3).  Ratio  of  the  factors  oE  aaplif ication 
of  LPi  an!  half>«ave  dipole,  dB.  (4).  naKieoa  side^lobe  lerel,  dB. 
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Table  3‘5>  Entry  Impedances  of  LPA. 


Klin 


Kef;  (1)«  Have  iapedaace,  oha.  (2).  Ninlaaa  value  of  RBV. 


Page  161. 


Beiug  asaigatd  r,  a|  aod  by  the  fceguency  band  of  the  antennat 
it  is  possible  to  doteraine  its  size/diaanslons. 


Table  3.4  and  3.5  give  soae  characteristics  and  aitcy  iapedance 
of  LPA  C 3.  18  ]. 


U3e  of  LPA  is  possible  in  radio  direction  finders  with  the 
aaplituJe  and  phase-difference  aethods  of  the  reading  of  bearing. 


3«  13.  Antennaa  of  the  systea  of  radio  direction  finders  at  superhigh 


ri — 
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frequencies. 


In  tlie  rangn  of  superhigh  frequencies  fros  30  to  300-400  hHz  in 
essence,  are  accepted  the  sane  antenna  sfsteas  that  and  at  high 
frequencies  (to  30  HHz) . Selection  by  the  antenna  of  systaa  to  a 
considerable  degree  is  detereined  by  the  pereissible  overall  sizes  of 
systea  and  by  the  netbod  of  the  reading  of  bearing.  In  aiplitude 
radio  diraction  finders  as  by  the  rotatory  antenna  of  systea  are 
utilized  the  rotatable  loop,  the  diverse  fraaeuorlc,  the  pair  of 
separated  antiphase  dipoles,  connected  by H ~f iqurative  diagran,  or  n 
of  the  spaced  broadside  antenna  arrays,  arrange/located  in  one  plane 
or  of  circunference  and  which  create  acute/sharp  radiation  pattern. 
Rotatable  loop  is  asseabled  vertically  for  direction  finding  on  the 
vertically  polarized  conponent  of  electric  field  or  horizontally  for 
direction  finding  on  horizontal  electric  field.  In  the  latter  case  is 
utilized  the  doubled  franevork  (see  Fig.  3.22).  In  the  coostruction 
of  the  pair  of  the  diverse  dipoles  at  frequencies,  large  SO  HHz, 
frequently  is  provided  for  the  possibility  of  the  sisple 
reorientation  of  direction  of  antennas  froe  vertical  (Pig.  3.S1a)  to 
horizontal  (Fig.  3. Sib)  and  vice  versa. 

The  coesunication/connection  of  dipole  in  a pair  with  input 
circuit  sosetiaes  sates  variable  within  snail  Units.  By  the 
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selection  of  coeiunicatlon/connection  at  the  torqae/aoeent  of  the 
reading  of  bearing  they  attain  obtaining  the  acute/shacp  it  zero 
audibility.  For  the  nondirectional  (attendant)  reception  and 
deteralnlng  tha  single-valued  bearing,  is  applied  suppleae ntar y 
central  antenna. 

Sosetiaes  foe  detecnining  single-valued  beeiring,  do  not  provide 
for  supplaaentary  antenna,  but  is  introduced  labalance  into  circuit 
of  one  of  the  dipoles;  the  nondirectional  reception  obtains  by  leans 
of  disconnection/cutof f froa  diagraa  of  one  of  tha  two  dipoles. 

Page  162. 

For  the  aliiLnation  of  the  aanifestation  of  resonances  in  the 
supporting  support  into  it  throu  in  insulator  and  both  parts  of  the 
support  connect  tarough  resistor/resistance. 

If  this  i.s  raguired  for  the  selected  direction-finding  aethod, 
is  realizad  tha  high-spin  notion  of  the  pair  of  antennas  by  notor, 
moreover  instead  of  the  brushes  is  applied  the  special  transforner 
between  the  antenna  and  input  circuit  of  receiver. 
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Fig.  3.51.  UVK  af  H~^igurative  antenna  with  changing  pslac izat ion. 

Page  163. 

One  Minding  of  transfocaer.  connected  to  antenna,  during  rotation  by 
the  antenna  of  systen  rotates  within  another,  aotionlnss,  connected 
with  the  input  of  receiwer  so  that  the  coanun ication/conoection 
between  the  antenna  and  the  receiver  does  not  change  during  rotation. 
Pair  or  n cophasaL -connected  antennas  can  be  utilized  with  reflector, 
then  iaaediately  is  counted  off  single>valued  bearing. 

For  providia)  the  possibility  of  direction  finding  on  vertical 
or  on  horizontal  coaponent  of  electric  field  are  structurally  united 
those  who  are  conaected  by  switch  the  pair  of  antiphase  vertical  wire 
antennas  and  the  horizontal  dipole  whose  direction  is  parpendicular 
to  the  plane  of  the  pair  of  antennas.  Horizontal  dipole  can  be 
applied  even  one,  if  direction  finding  is  realized  on  the  horizontal 
coaponent  of  electric  field. 

Is  known  appL ication/use  in  the  range  of  freguencies  200^400  HHz 
of  verticil  dlpola  with  rotatable  around  dipole  sesicyliadrica 1 
reflector  and  the  reading  of  bearing  according  to  the  principle  of 
the  coaparison  of  the  phase  of  the  voltage  of  the  frequency  of 
rotation  (noduiatlon)  fros  the  oriented  radio  station  with  the  phase 
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of  reference  Tolt^ge.  Is  utilised  also  the  rotatable  V-antenna  vith 
reflector  whica  iaring  rotation  through  90®  is  suitable  for  the 
direction  finding  of  the  vertical  and  horizontally  polarized  electric 
field.  Soaetiaes  two  separate  angle  irons,  turned  n 93®,  are 
establlsh/lnstalLad  froa  two  sides  of  reflector  and  are  changed  over 
by  switch  of  receiver*  of  siaultanecesly  during  switching  the 
indicator  of  bearing  is  displaced  by  180®, 

Are  applied  gonioaetric  systens  with  aotionless  antennas  (froa  4 
to  8)  for  the  dlractional  reception  and  with  central  antenna  for  the 
nondirectional  reception,  aoreover  gonioaetars  are  aanufactured 
inductive  or  capacitive  (see  §4.7). 

For  obtaining  acute/shacp  directional  characteristic  besides  the 
revolving  secies  n cophasal-*^conoected  vibrators,  are  utilized 
circular  antenna  systens  with  reflector  and  antenna  coaautator.  The 
iiaaeter  of  the  acrangeneat/perautation  of  antennas  rsacaes  (8-10) X, 
the  nuaber  of  dipoles  in  systea  - to  100  [B.25].  The  dipoles  of 
systea  can  be  establish/installed  at  an  angle  of  45®  to  vertical 
line,  then  is  provided  direction  finding  during  any  polarization  of 
field. 


Page  164 
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Direstioo  finding  is  realized  on  o£  the  traced  on  tha  screen 
cathode-ray  tube  to  the  radiation  pattern,  which  is  obtaiied  by 
rotation  by  the  lotor  of  antenna  coeautator.  in  by  the  circular 
aatenaa  to  systea  the  bearing  can  be  counted  off  also  according  to 

the  nethol  of  tha  cyclic  aeasuceaent  of  phase  in  high  frequency  (see 

§8.8).  The  inoperative  antennas  ace  closed  to  the  eacth.  such  systeas 
are  applied  in  ground-based  and  ship  radio  direction  flnlsrs.  since 
on  ultra  short  waves  the  fundasental  source  of  errors  consists  in  the 

effects  of  the  field  : of  reeeittets,  increase  in  the  sapacation  is 

the  effective  ecaas  of  an  ieproveeent  in  the  accuracy  of  lirection 
finding. 

In  order  to  Increase  range  and  to  iaprove  the  conlitions  of 
direction  finding  (to  decrease  the  errors  due  to  the  effect  of  the 
near  environnent)  , antenna  systea  they  raise  above  the  earth's 
surface  and  usually  they  asses ble  above  the  aetallic  counterweight. 

For  the  facilitation  of  coupling  by  the  antenna  of  systea  with 
their  receiver  place  together  on  high  east  or  near  antanna  they  are 
establish/installad  high-frequency  ducts  and  frequency  converter, 
also,  on  feeders  to  tha  receiver,  placed  below,  transalt  the  voltages 
of  under  frequency.  One  should  consider  the  possibility  of  the 
disturbance  in  this  case  of  the  relationship/ratlo  of  vertical  and 
horizontal  fields  at  close  distances  froa  tcansaitter  (sue  §6.3). 
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As  symetciril  vibrators  in  by  an  antenna  to  systsa  for 
providing  the  vide  fregoency  band  are  utilized  cylinlrioil,  conical* 
basket  type  or  other  wide-range  dipoles.  Are  applied  also 
loop-ant etnas.  Frequency  band*  overlapped  by  one  asseebly  of  dipoles* 
froB  2-3  to  U-5  tad  Bore, 

If  it  is  reqaired  to  overlap  wider  fregoency  band*  soBetines  ara 
applied  several  interchangeable  asseablies  of  dipoles. 

In  the  range  of  frequencies*  greater  than  300-400  NHz*  in  radio 
direction  finders  are  utilized  the  horn*  parabolic*  di&lactric* 
slotted*  spiral  and  other  directional  antennas  of  this  frequency 
band.  The  descriptions  of  antennas*  their  characteristics  and 
calculation  aethods  are  given  in  the  courses  of  antennas  * 8.  13*  3.6, 
3.5]. 

Page  165. 


3.  14.  The  Bultiple  operation  of  the  receivers  of  radio  direction 
finder  froa  odnol  by  the  antenna  of  systes. 
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In  certaia  cises  it  is  necessary  that  tvs  or  seveciL  raceivecs 
of  radio  iirectioB  finder  work  in  parallel  froa  by  the 
coanon/geaeral/total  antenna  of  systen.  k parallel  csaaection  of 
receivers  can  be  realized  through  decoupling  resistors  which  decrease 
the  BUtual  shunting  of  receivers  and  reaove  the  possibility  of  the 
penetration  of  tha  voltage  of  the  heterodyne  of  any  racalver  on  the 
inputs  of  other  caceivers. 

Figures  3.52  gives  the  equivalent  diagraa  of  parallel  connection 
a of  t-he  receivers  through  the  untying  ohaic  resistances  ^r 

In  figure  it  is  aarked: 

the  voltage  of  antenna  on  the  frequency  of  tuning  of  one 
of  the  receivers; 

/?3  — i aoteaia  resistance; 

R„„  R., Rn,'  ~ entry  iapedances  of  receivers; 


Tp  - the  traasforaer  of  the  agreeaent  of  loads. 
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W«  ASSQa*  thit  the  first  receiwer  is  tunad  to  a fre(]ueocy  of 
stress  and  ita  resistor/casistance  ehare  Rx.%  La  entry 

iapedaace  of  racalver  during  tuning.  Rasaining  receivers  are  inclined 
for  other  freguencies  and  their  entry  iapcdances  for  i voltage 
frequency  E:x  we  take  equal  to  aero: 

— • ■ =^nm  = 0- 

Then  aost  powerful  aanifests  itself  by-passing  of  reaaining 
receivers. 


Pig.  3.52.  Parallal  connection  a of  receivers  into  antenna. 


Page  166. 


lapalanca 

conditions 


Rr 


on  secondary  winding  of  traosforaer  under  these 


R P t R (•  'T_R*}} 
trip  I,  T — i)  ’ 


(:3.D9) 


'(notfing  Rr  and  R-.>-  it  is  possible  to  calculate  the  required 
traosforaation  ratio  of  the  aatcbing  transfocaer 


n - 


//„  \niR-.  -r-  — I I . 

R l,  ( -T"  1 ^ 


(d.IOCi) 


i 
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The  roeCflcLint  of  tcansaissios  of  llrectloa  to  the  input  of 
the  receiver,  tuned  to  a frequencj  in  the  presenov  ef  eatching 
transfoceer  is  equal  to 


At 


1 ,/ 

2 K /?.  (.ff  + «..)  (wAp  +(/"-!)  /?.,)■ 


(3.105) 


On  the  basis  of  equivalent  diagraa  (fig.  3.52)  the  ittenuation 
factor  of  stress  of  the  heterodyne  Ur.  which  penetrates  on  the  input 
of  receiver,  tuned  to  a frequency  of  heterodyne,  is  expressed 

Yr  = ~ = 2«/?P+_2(»«--  l)  /?..  _ ^2. ] 02) 

^ r Aai 


In  Table  3.S  are  designed  the  values 

Rf 


Vfi 


Ex 

I 


and  Yr  for 


differeat  celatioas  and  the  different  nuaber  of  receivers.  Being 
assigaed  it  is  possible  froe  table  to  find  R^„  h,  and  n. 


Upon  the  parallel  connection  of  the  receivers  through  decoupling 
resistors  is  obtained  the  loss  of  stress  (3.101).  The  easiest  aethod 
of  the  realizatioa  of  the  decoupling  of  receivers  without  the  loss  of 
stress  is  the  switching  on  of  the  receivers  through  the  separate 
cathode  followers,  which  are  siaultaneously  the  cell/eleients  of  the 
decoupling  .^etuean  receivers.  To  the  grids  of  cathode  followers,  is 
connected  the  antenna,  into  the  cathode  of  each  through  the  feeder, 
is  included  the  receiver. 
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Sesistor/cesLstaace  In  cathod*  is  s*l*ct*d  such  so  tkat  the 
feeder  would  b*  Loaded  for  vate  lapedaoce.  By  a deficlencf /lack  in 
the  diagraa  with  cathode  followers  it  is  characteristic  it  nonlinear 
distortions  with  powerful  signals*  and  also  deterioration  in  the 
receiver  sensitivity  due  to  noise  laap  resistance. 

For  the  coapensation  for  the  losses  of  stress  betwasa  the 
antenna  and  the  caceiver*  are  applied  broadband  antenna  aiplifiers. 

Duriag  the  aspiication/iise  of  an  asplifier*  just  as  daring  the 
application/use  of  cathode  followers*  appear  nonlinear  distortions  at 
their  input.  Two  foltages  with  frequencies  fj  and  f^  create  the 
voltage  of  coabiaition  frequency  pl,±qU  It  is  necessary  so  to 

calculate  diagraa  so  that  the  nonlinear  distortions  lia/rast  within 
the  porniesible  LLsits. 

For  the  parallel  connection  of  the  receivers  of  radio  direction 
finder*  can  be  required  application/ use  two-  or  of  three-channel 
aaplifiers.  In  this  case  it  is  necessary  to  take  seasaces  for  the 
achieveaent  of  the  identity  of  channels. 
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Ttble  3.6.  Cal:uLitl3a  of  the  diagraa  of  tho  decoupling  of  receivers 
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Key:  (1).  Muabec  of  receivers  a. 
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Page  168. 

Chapter  4. 


INSTBOHERT  EBBORS. 

4.1.  Instcuaeot  accoca  of  radio  dlrectloa  finder. 


As  it  vaa  Shawn  in  chapter  2,  instciaeot  errors  are  caused  by 
deficiency /lacks  in  the  radio  direction  finder  as  neasuring  neter. 

The  tool  houses  include  the  errors*  characteristic  to  the  operating 
principle  of  the  selected  systei*  and  also  production  and 
asseabling-ad justing. 

Production  errors  are  deterained  by  def iciency/lacks  in  the 
structural/design  and  electrical  calculations  <by  Incorrect  selection 
of  size/diaensions  by  the  antenna  of  systea*  by  incorrect  calculation 
of  the  inductance  of  the  coile  of  gonioaeter  and  so  forth)  * and  also 
by  inaccuracies  in  the  production  of  the  separate  cell/eleaents  of 
radio  direction  finder  and  radio  direction  finder  as  a whhle. 
asseabllng-ad justing  errors  are  caused  by  the  nlsad justaent  of  radio 
direction  finder. 
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Inaccuracies  in  production  and  aountiag  of  radio  licaction 
finder  acaetlaes  Are  led  to  the  appearance  of  the  so-csliad  antenaa 
effecte  which  also  are  related  to  instrosent/tool  deficiency /lacks  in 
the  radio  direction  finder. 

Are  ezaaiaed  below  the  instruaent  errors,  characteristic  to 
antenna  feeder  systess.  The  instrnaent  errors,  caused  by  receiving 
indicators,  are  described  in  chapter  8. 

Page  168. 

4.2.  Antenna  effect  within  rotatable  loop. 

The  inconing  electrosagnetic  wave  creates  on  the  fraiework 
certain  potential  with  respect  to  the  earth/ground,  because  of  which 
appear  the  bias  cacreats  to  the  earth.  If,  fucthersoce,  the  frasework 
through  the  connected  to  it  receiver  is  connected  with  the 
earth/ground  by  conductors,  then  also  in  these  latter  appear  esf  and 
currents.  The  strength  of  these  currents  does  not  depend  on  the 
direction  of  the  incoaing  electrosagnetic  waves. 
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ThuSf  one  8h>ald  distiagaisb  tvo  kinds  of  the  currants,  which 
take  pla^a  threuji  the  turns  of  the  fraeevork:  the  push-pull  current, 
depending  on  the  lirection  of  the  incident  watre,  and  the  single-cycle 
current,  which  appears  between  the  fraeework  and  the  eacth/groond  and 
not  depeadiag  an  direction  of  the  incident  ware.  In  ths  Latter  case 
the  fraeevork  operates,  as  the  usual  antenna,  and  this  pbenoaenon 
obtained  the  designation  of  the  antenna  effect  of  the  fraaework. 

Let  the  fraaework  be  tuned  by  condenser/capacitor  C and  to  it  is 
connected  tube  (Pig.  4.1),  the  end/leads  of  fraeevork  a and  b having 
with  respect  to  the  earth/ground  capacitance  Ct  and  C^.  Because  of 
operating  in  sides  CD  and  ef  eef  Eg  and  Eg  appear  the  currents: 

a)  curreat  Ig,  which  appears  around  the  fraeevork  vaese  value 
depends  on  diffecance  B|  and  Eg  and,  therefore,  on  the  angle  between 
the  plane  of  propagation  and  the  plane  of  the  fraaework;  this  be  a 
fundaseotal  fcase  current;  it  creates  on  condenser/capacitor  C the 
potential  differeice,  which  affects  the  grid  of  the  first  tube  of 
aepllfier; 

b)  currents  ig  and  Ig,  which  flow  fcos  the  fraaework  to  the 
earth  through  the  distributed  capacitances  of  fraaework  C* , c'*,  c*'* 
and  of  so  forth,  then  through  capacitance  C^  and  C^,  which  are  closed 
again  to  the  fraaework.  Each  of  these  currents  is  deterained  only  by 


Fig.  4.1.  Oasat  3f  antenna  effects 


I 


! 

I 


Page  170. 


Becanse  cf  this  ^accents  I(  and  do  not  depend  on  the  licection  of 
the  locidint  wave.  Their  radiation  pattern  is  circanf erence  of  a 
sleilar  to  the  ditgcan  open  antenna.  These  create  at  points  a and  b 
potentials  earth  referenced: 


J2_ 

iuiC, 


and 


The  receiver  affects  a potential  difference  of  points  a and  b. 
This  potential  difference: 


1 


1 


a. 
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it  is  tamed  into  zero,  if  €»  • C*  aod  I|  « I,.  Satisf iotion  of  the 
second  condition  La  possible  only  in  such  a case,  when  the  fcaeework 
is  cospletely  syaaetrical,  i.e.,  if  capacitance  calatlwa  to  the 
earth/ground  of  any  point  c,  arraage/located  to  the  loft  of  the  axis 
of  syeaetry,  is  eyual  to  the  capacitance  of  syneetcical  by  it  point 
f.  Hence  it  follows  that  the  antenna  effect  does  not  appear  in  radio 
direction  finder,  even  if  the  franework,  and  the  diagrae,  connected 
to  its  end/leads,  are  coapletely  syeaetrical. 


The  heterogeaeity  of  the  capacitance  of  the  fraaework  can  be 
caused  by  its  asyaaetric  location  of  the  relatively  sarroanding 
object/subjects.  So,  for  providing  a good  work  of  the  cniteaporary 
ship  radio  direction  finder,  which  includes  skip  band,  its  fraee 
device  is  asseabled  on  the  top  of  nast.  The  corrents,  Indnced  in  east 
and  within  the  fraaework,  with  the  reception  of  radio  station 
strongly  are  distinguished.  The  calculation,  given  in  [10.33,  shows 
that  with  the  east  with  a height/altitude  of  18  a and  the  single-turn 
fraaework  by  the  irea  of  o.S  s'  the  current  in  the  foundation  of  nast 
to  2-3  orders  exceeds  the  current  of  the  directional  recaption  within 
the  fraaework.  During  the  insignificant  displacesent  of  the  axis  of 
the  fraaework  with  respect  to  the  axis  of  sast  due  to  taa 
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■anlf«stat ion  of  the  dlssleilaclty  of  tha  capacitance  af  the  sides  of 
the  fraaevock  ceLative  to  east  and  the  surrounding  eetaLLLc 
Ob ject/sQh jects  la  to  the  frenevork  is  induced  large  suppleaentary 
nondirectioaal  eaf  (antenna  effect). 

Ettteana  effect  in  the  franeeock  appears  also,  if,  f>r  exaaple, 
the  fraeework  is  arrange/located  too  closely  to  the  eall  of  building 
or  set^llic  pact  of  the  ship  (aircraft)  (Pig.  t.2)  . 

Page  171. 


Let  us  exaslae  the  reasons  for  asysaetry,  connactai  with  the 
circuit  diagrae  of  the  fraaewock.  Proa  the  siaplest  circuit  diagcaa 
of  the  f.'aaevork  (Pig.  4.3)  it  is  evident  that  one  end/leid  of  the 
fcaeeaork  is  conaacted  to  the  grid  of  the  tube,  vhich  has  negligible 
capacitance  with  respect  to  the  earth/ground,  another  aad/lead  is 
connected  to  the  cathode  of  tube,  vhich  has  very  considerable 
capacitance  earth  referenced,  fery  frequently  the  cathode  of  tube 
directly  is  grouoded,  and  then  asyseetcy  will  be  expcassel  still  aoce 
powerful. 

If  syesetry  conditions  are  not  observed  and  is  observed  antenna 
effect*,  then  the  resulting  radiation  pattern  is  distortai,  he  differs 
froB  the  studied  in  us  ideal  diagrae.  To  the  grid  of  tube,  will  be 
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supplied  two  TOltiges:  depending  on  the  direction  of  iosiient  wave 
and  not  depending  on  this  direction. 

Taking  into  account  the  aforesaid,  we  can  use  conclusions  §3.8, 
since  the  voltages,  which  ace  received  because  of  the  antenna  effect 
of  the  fraaevock,  are  cospletely  analogons  to  the  voltaga  of  the  open 
antenn.a  with  the  cosbined  reception  on  the  antenna  and  the  fraaework. 
Onder  noraal  conditions  the  grid  voltage  of  tube,  which  is  received 
due  to  antenna  effect.  Is  lower  than  the  voltage  froa  the  fraaework. 
It  is  analogous  with  that,  as  we  enter  §3.8,  aiaaining  tha  action  of 
the  open  antenna,  it  is  possible  the  voltage  of  antenna  affect  to 
decoapose  on  two  those  who  coapose:  one  in  phase,  anothac  - out  of 
phase  in  r/2  relative  to  the  voltage,  which  is  the  result  of  the 
actioa  of  the  pore/clean  fraaework. 
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Pig.  4.x,*  Aayaaatrf  of  CraBovoci;  of  ralatlYoly  sarcounilai 
object /sab jact 3. 

# 

Kef:  (1).  fall.  (2|  . Barth. 

Fig.  4.3.  Asyaaetric  diagcaa  of  fraaesock. 

Page  172. 

Thera  shoan*  that: 

■>  phase  coapoaeot/ters  causes  the  dlsplaceaent  of  tha  aiaiaoas; 
the  ainiaaas  of  caception,  distant  one  fcoa  another  into  the  ideal 
diagraa  of  reception  accurately  to  180^,  into  this  case  tiey  are 
aotually  iocatad  on  saailer  angle; 

• noaphase  coapoaent  it  causes  diffuseaess,  the  Tiguaness  of  the 
sinisoss  of  intensity  of  reception.  If  with  the  ideal  diagraa  of 
reception  in  the  position  of  the  fraaework,  perpendicular  to  the 
dirsction  of  propagation  of  wave,  coapletely  there  is  no  reception, 
then  under  nonphase  antenna  effect  is  obtained  only  the  ainiaua  of 
reception#  by  those  aore  diffuse,  than  is  sore  antenna  effect. 


Figures  4.4  lepicts  the  diagraa  of  reception  with  the  existence 
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of  antenni  aff»ct  Ic  phase  with  fcase.  The  directions,  bf  which  the 
intensity  of  reception  is  equal  to  aero,  differ  by  aagla^A  fron  the 
directions  of  tec»  reception  for  a purely  fcaee  diagrai.  counting  off 
bearing  with  the  aid  of  the  direction  finder,  which  possesses  this 
diagran  of  reception,  we  conplete  the  error,  equal  to  or  A 
depending  on  that,  on  which  of  two  ainiauas  is  counted  off  the 
bearing.  This  arcor  cannot  be  taken  into  account  by  calibration, 
since  it  depends  on  the  wavelength  and  direction  of  iaooaing 
electronagnetio  field.  Its  effect  can  be  excluded,  if  we  orient  first 
on  one  ainiaua,  and  then,  after  turning  the  fraaewoct  to  angle  of  180 
♦ 2A,  on  anothar.  Calling  the  first  bearing  gi,  and  the  sacond  q^,  we 
will  obtain  the  true  bearing  froa  the  focaula 

?i  + (<71  — ‘*^0’) 

2 • 

Into  noraalLy  working  direction  finder  the  displaoeaent  of  the 
ainiaons,  or  as  it  is  accepted  to  call  this  phenoaenon,  the  fracture 
of  the  axis  of  the  ■Inlnuas,  nust  no  or  be  very  snail  (for  exanple, 
the  fracture  of  the  axis  of  the  sininuas  2A  < 1®-1.5®), 
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Pigc  4.4.  Radiation  pattern  under  antenna  effect  in  phase  with  frane. 

Page  173. 

Figures  4.5  depicts  radiation  pattern  in  the  presence  of 
noophase  anteana  effect,  and  also  vector  diagraa  of  addition  eaf. 

Here  the  alnlauas  retain  their  direction,  but  instead  of  the  coaplete 
zero  receptions,  are  obtained  the  diffuse,  little  detsraiicd 
alniauBs.  This  diffusenesa  is  led  to  the  appearance  of  sjbjective 
errors  of  reading. 

Actually,  the  total  voltage  will  be  ia  this  case  agually 
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where  U^,-  is  foltige  across  capacitor  fros  fraae  eef; 

• voltage  froa  antenna  effect; 

9 is  an  angle  of  rotation  of  the  fraeewock  froa  the  lirection  of 
xero  recaption. 

In  the  position  of  the  ainiaua,  the  voltage  is  turnei  in 

^ Him 


Let  ub  assuaa  that  this  stress  higher  than  equivalent  disturbing 
voltage  and  noises  deteraines  the  angle  of  the  egoal  to  audibility. 

An  incceaent  in  the  audibility  during  the  rotation  of  tha  fraaevort 
froa  8 » 0 through  saall  angle  AS  will  be 


AL  = 20lgj/  --  = 101g 


oi 


With  saall  A3f 
we  obtain 


applying  the  foraula  of  approxiaatlon  calculus, 

I 

AL  ---  4 .74  (AO)* 


» . p 


and 
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Pig.  4.5.  Radiation  pattern  under  nonphase  antenna  effaot;  vector 
diagraa  of  addition  eaf. 


,11  1|  ^ 


41 


4* 
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For  ezaeple.  Halting  angle  by  equal  to  audibility  210  value  3^ 
r,  0.05  cad  and  cansideclng  al  » 1 dB,  ve  obtain  the  f3ll3»ing 
condition*  which  liaits  the  value  of  the  antenna  effect: 


''  2-0,4Ky^l 


0.0,1 


Renee  it  is  apparent  that  even  the  relatively  low  value  of 
antenna  effect  produces  an  essential  increase  in  the  subjective 
error.  Thus*  for  obtaining  precision  work  of  direction  fiadec  euet  no 
the  eztra'phase  coaponent  of  antenna  effect.  ^ it  anst  be  noted 

that  usually  the  phase  of  eaf  of  the  antenna  effect  when  the 
size/diaensions  of  the  f casework  are  such  leas  than  the  wavelength* 
differs  froB  the  Craae  by  the  angle*  close  to  v/2*  since  the  systee 
of  the  fraeework*  considered  as  open  antenna*  is  not  adjusted. 


4.3.  eilBination  of  antenna  effect  within  rotatable  loop 
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Sine*  the  C9183D8  for  anteoaa  offoct  is  the  asyaaetrr  of  the 
fcaaeworic  or  coonected  to  it  receiver#  and  also  receptiaa  bj  an 
entire  sfstee  of  the  fraeevork  as  by  open  antenna#  the  eeasures  of 
the  elieiaation  of  antenna  effect  are  reduced  to  obtaining  of  the 
coepletely  balanced  network  of  the  switching  on  of  the  fcaaework  and 
to  the  exception/elinination  of  reception  by  the  fraaewock  as  open 
antenna. 

Let  us  exialae  the  diagraas#  which  ensure  the  syaaetry  of  the 
switching  on  of  the  fraaework.  Protozoan  of  these  dlagraia  * the 
grounding  of  lidpoint  is  depicted  on  Pig.  a. 6.  Grounding  of  sidpoint 
will  entail  the  need  for  the  connection  of  receiver  to  tna  half  of 
the  fraaework:  ona  end/lead  of  franework  a is  connected  to  grid# 
another  b reaalns  free.  The  cathode  of  tube  is  connected  with 
sidpoint  of  fraaework  0.  Because  of  very  aaall  grid  capacitance  earth 
referenced  the  difference  In  the  capacitance  of  end/leade  a and  b is 
so  saall  that  the  antenna  effect  appears  to  very  weak  degree. 


4 


f 

i: 
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Pig.  <^.6.  Balaacil  aatwork  of  connoction  of  cocelTer  to  fraaevork* 

Pago  175. 

Pactharaoce*  Ladtisad  in  ground  wire  aaf  aco  directed  oppoaite  to  eaf, 
induced  in  lead  wires«  which  also  leads  to  a decrease  ia  the  antenna 
effect. 

Second  eethal  • switching  on  at  the  input  of  two  tubes  according 
to  push«poll  circuit  (Pig.  4.7).  Here  both  end/leads  of  the  fraaework 
are  connected  to  the  grids  of  two  tubes,  which  aust  ensure  the 
sysaetrf  of  diagraa. 

finally,  syaaetry  can  be  rest ore/reduced  by  the  ccaaection  of 
the  special  balaocing  condenser/capacitor  to  the  end/loads  of  the 
fraaework,  which  hare  different  capacitance  earth  refaraaced.  But  if, 
as  so  often  is  the  case,  the  cathode  of  the  tube  directly  is 


r 
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gcoanded,  than  tills  isthod  caonot  be  applied*  since  tha  sacond 
end/lead  of  the  fcaaewock  ee  ground  cannot.  Therefora  tha  nsthod  in 
question  they  always  coabine  with  diagcaa*  it  is  depicted  on  Fig. 

4.6. 


In  practical  fulflllsent  the  diagran  takes  the  Cocsr  shown  in 
Fig.  4.8.  For  Larger  convenience  is  here  used  the  differaitial 
capacitor*  which  lakes  it  possible  to  increase  capacitance  earth 
referenced  any  end/lead  of  the  fraiework.  A def iciency/Lack  in  this 
sethod  is  the  effect  of  the  coepensating  capacitance  on  the  tuning  of 
the  fraiework. 

Decrease  ia  the  asyaaetry  of  diagraa  and  value  of  antenna  effect 
gives  to  known  degree  of  application  of  the  diagraa  of  tha  inductive 
coupling  of  the  fraaework  (Fig.  4.9).  Besults  are  obtaioad  still 
better*  if  aidpolnt  of  coupling  coil  L|  is  grounded. 
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Pig.  4,7. 

Pig.  4.8. 

Fig.  4.9. 


h * 


Posh-pall  circuit  of  switching  on  of  frasewoclt. 

Diagcai  of  cospensation  for  antenna  effect. 

Inductive  circuit  diagran  of  franework. 


Page  176. 


It  is  possibLe  to  obtain  a further  decrease  in  tba  intenna 
effect,  if  we  incLude/connect  the  tuned  circuit  syBBStricilIy.  for 
exaaple.  after  connecting  tube  to  the  half  of  coil  Lt  (ss  in  Pig. 
4.6)  . 


Vith  the  powerful  coBeonication/coonectlon  between  coils  L|  and 
Lt  because  of  an  increase  also  the  capacitance  of  one  coil  relative 
to  another  appear  the  bias  currents  froa  Lt  and  Lf.  If  tbs  switching 


DOC  - 77223209 


PAGE 


on  of  coll  not  is  conpletely  sjanetcical*  then  the  listrlbation  of 
these  ticks  along  coil  will  be  nonuniforn.  Thus,  foe  instince,  in 
Pig.  4.9  bias  cucrent  of  the  end/lead  of  coll  a will  be  nore  than  in 
the  emd/lead  of  coil  b#  since  the  first  path  represents  snaller 
resistor/resistanse  to  the  earth/ground,  the  Inegualitf  of  these 
currents  produces  egualining  currents  of  antenna  effect  in  Lf 

The  effect  of  bias  currents  can  be  considerably 
attenuate/weakenei  by  the  application/nss  of  the  electrostatic  shield 
between  coils  Lj  ind  Lj.  The  electrostatic  shield  is  the  netalllc 
separator,  connected  with  the  earth/ground.  It  is  better,  if  it  is 
coeprised  fron  separate  conductors.  Electrical  lines  of  force  cannot 
intersect  the  conductor  of  screen  and  therefore  they  do  not  pass  fron 
one  coil  to  anothar.  Hagoetic  induction  reasins  alnost  without 
change,  since  screen  nust  be  extended  and  be  arrange/Iocnted  so  that 
in  it  ild  not  arise  the  circular  desagnitizing  currents. 

■ere  propossl  the  special  diagrass  of  the  inductive  connection, 
reducing  the  effect  of  the  asyaaetry  of  input  circuit  of  radio 
direct-ion  finder  on  the  franevork. 

Figures  4.10  shows  diagcaa  with  the  transforaec,  proposed  by  V. 
0.  Kuznetsov.  Secondary  winding  of  tranaforser,  connected  in  the 
syseetrical  fraeawork,  consists  of  two  halves  La*  and  Lj", 


wou  nd 
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tightly  one  to  another  and  to  prlaacy  vinding  L|.  The  soiaon  point  of 
halves  0 is  gcoualed. 


Becaose  of  ttis  einding/coil  the  autual  inductanoa  of  the  half 
of  secondary  vinling  mHs  is  approrisately  egoal  to  their  inductance# 

i»  e»  • 


likiii.1'  i*.. 
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Fig.  9.10.  Circuit  of  V.  d.  Kuznetsov's  ttansforser. 


Key:  (1).  To  receiver.  (2).  To  antenna. 


Page  177. 

Let  the  capacitance  earth  referenced  any  point  of  priaary 
winding  (with  unsy aaetrical  loading)  cause  in  one  of  the  halves  of 
secondary  winding  current  I2  the  voltage  drop  earth  referenced  B*t  * 
jwLg'Ix*  Because  >f  the  eutual  inductance  of  the  halves  of  secondary 
winding  in  the  second  half,  will  appear  the  voltage  earth  referenced 
E**  2 * jeBzIfr  value  equal  to  B«2  and  on  phase  differlig  by  180**. 
Both  voltages  B'2and  B"  2 average  ont  and  will  not  cause  isyaeetry  in 
diagraa.  Therefore  antenna  effect  does  not  appear.  By  tha  selection 
of  ce  U/alaaents  and  by  the  selection  of  diagraa  it  is  possible  to 
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Attain,  tha  work  sC  tcansforaer  in  broadband  [3.4]. 


Figucas  4,11  shows  diagcas  with  the  transfocasc,  proposed  by  A. 
A.  Pistol* kors.  finding  of  the  tran8foraar«  connected  in  the 
directional  anteaaa,  is  wound  in  the  fore  of  two  halvas  L* 3 and  l"  3 
between  which  is  located  the  winding  of  input  circuit,  fha  latter 
consists  of  two  identical  coils  L|  and  Lt«  wound  towards  and 
connected  in  parallel.  The  conson  points  of  windings  L|  tad  Lg  are 
connected:  point  0 > with  the  grid  of  the  first  tube  of  receiver, 
point  0*  • with  tie  earth/ground. 


As  a result  sf  this  winding/coil  of  transfocser  salliag 
asyneetry  single-sycle  coil  current,  connected  to  receiver,  does  not 
■anifest  itself  tie  coll  current,  connected  to  the  directional 
antenn,a. 

fe  will  exaaine  the  circuits  of  the  elinination  of  single’cycle 
current  in  loop  antenna.  Asyisetry  of  receiver  circuit  produces  the 
appearance  of  a single^cycle  current  and  antenna  effect  in  any 
syawetrical  directed  antenna,  is  reuoved  single-cycle  current  by  the 
selection  of  the  circuit  diagras  of  the  syssetrical  antenna, 
analogous  exasined  for  a rotatable  loop. 

The  except ion/elisiaatios  of  receptioa  by  the  fraaework  as  open 
antenna  due  to  the  asyssetry  of  diagras  of  input  can  be  obtained  by 
the  appropriate  screening  of  the  frasework. 
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Fig.  4.11.  Ciccait  of  A.  A.  Pistol'kors's  tremsfocaer. 

Key:  (1).  Dlcactlonal  antenna.  (2|  . To  the  grid  of  the  first  tube  of 
receiter. 


Page  178. 

The  dlagr&e  of  this  screening  is  shovn  in  Pig.  4.12;  the  screen 
between  points  A ind  B is  torn  and  in  it  does  not  appear  ring 
currents  on  the  duct  of  the  frasework. 

Since  the  reception  is  realized  because  of  the  voltages,  induced 
with  field  in  screen,  asyssetry  of  diagrae  cannot  be  the  reason  for 


antenna  effects 
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It  is  aecsssiry,  hovavec,  to  keep  in  Bind  that  the  asysaetcy  of 
the  screen  of  the  relatively  surrounding  ob ject/subjasts  produces  the 
dlsaynaetry  of  currents  in  it«  which  leads  to  the  appearance  of  an 
anteniha  effect  within  the  fraaework.  of  the  syanetcicaL  dhubled 
fraaevockt  exaaiaad  into  § 3«7»  eaf,  which  appear  in  it  due  to 
capacitiva  couplLig  earth  referenced  of  the  right  or  left  side  of  the 
fraaework,  are  coapensated  for  and  therefore  the  dissiiilacity  of  the 
capacitance  of  tha  sides  of  the  relatively  surrounding  aetallic 
ob ject/sub jects  does  not  aanifest  itself  (see  Pig.  3.22). 

The  aethods  of  syaaetr ization  during  the  use  of  coaxial  cable 
for  the  connection  of  syaaetrical  antenna  are  described  in  § 4.12. 


4.4.  Instruaent  errors  of  systea  with  rotatable  loop. 


Host  idle  tiia  in  the  relation  to  diagraa  and  construction  is 
the  systea  of  the  revolving  fraaework.  It  is  natural  that  in  this 
systea  the  nuabsr  of  sources  of  the  instruaent  errors  is  saallest. 

Lateral  effact  of  the  fraaework.  In  the  case  of  the 
three-diaensional/space  fraaework,  the  wire  of  the  fraaework  daring 
the  series  circuit  of  its  turns  foras  one  suppleaentary  turn. 
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pvcpendlculac  to  the  fundaeental  turns  of  the  fraiework.  The  presen; 
of  this  taco  produces  the  error  in  the  dateraination  of  bearing  vhos 
▼aloe  was  detecaiaed  (to  3.24): 


DOC  » 77223209 


PAGE 


Pig.  4.12.  Scraenlag  of  the  fraaework. 

Key:  (It.  Hindiag/coll  fcaaework.  (2).  Screen  of  the  fraaaMOLk.  (3). 
Screen  of  ceceirec. 


Page  179. 

This  error  has  the  constant  valub,  which  does  not  depend  on 
warelength.  Therefore  it  easily  can  be  taken  into  account  during  the 
calibration  of  direction  finder.  For  a decrease  in  the  lateral  effect 
of  the  fraaework,  it  is  possible  to  fulfill  the  winding  of  the 
fcaaework  so  that  its  each  torn  lie/rests  strictly  at  one  plane,  and 
the  connestioas  between  tarns  represent  sections  of  wires, 
perpendicular  to  the  plane  of  turn. 
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Effect  of  bits  currents.  In  the  case  of  the 
three-dLinnsionaL/space  fraaework.  Is  observed  also  the  appearance  of 
the  diffuse  aiaiauas,  even  if  there  is  no  antenna  effect,  is 
explained  this  phenoaenon  to  the  facts  that  when  the 
three<-dina nsionai/spaca  fraaework  is  located  in  the  position,  which 
cocresponls  to  th>  ainiaua  of  reception,  its  separate  turns  are  found 
under  different  potentials.  Because  of  this  between  separate  turns, 
appear  the  bias  currants  through  the  capacitance  of  one  turn  with 
respect  to  another.  Value  of  these  currents  is  changed  according  to 
cosinusoidal  law  during  the  rotation  of  the  fraaework.  Since  for 
these  currents  circuit  is  detuned,  they  are  out  of  phase  in  r/2 
relative  to  the  fundaaental  current  of  the  fraaework  and,  therefore, 
is  produced  the  diffuseness  of  the  ainiaua,  without  displacing  it.  In 
this  respect  they  are  siailar  to  the  nonphase  coaponaat  of  antenna 
effect.  Bias  currants  differ  froa  nonphase  antenna  effect  in  the 
facts  that  the  phase  of  bias  currents  is  changed  by  raver se/inverse 
during  the  rotation  of  the  fraaework  through  ISO*’,  while  value  and 
the  phase  ol  antaina  effect  do  not  depend  on  the  rotation  of  the 
fraaework. 

Figure  4.13  depicts  radiation  pattern  and  vector  diagran  of  its 
construction  upon  consideration  of  bias  currents.  Two  Large  contacted 
circuaferences  A represent  the  dlagraa  of  the  reception  of  the  ideal 


fraaework 
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Fig.  9.13.  Badlfttloa  pattAcc  wben  bias  carrsnts  are  peasant,.  Vector 
diagcaa  of  addition  eaf. 

Page  180. 

The  effset  of  bias  currents  is  characterized  by  two  contacted 
circuaferences  B less  in  value  and  shifted  to  90^  celativt  to  the 
diagraa  ileal  frasevork.  Diagcaa  D gives  resulting  haart^sbaped 
diagcaa.  The  effect  of  bias  currents  just  as  latecal  affect,  is 
absent  at  the  flat/plane  fraseworlc. 

Direct  reception.  Reception  for  the  input/iotroluctions  of  the 
frasework,  coil  and  wire  receiver  creates  supplesentary  eaf  whose 
interaction  with  the  fundaaental  of  eaf  of  the  franework  produces 
either  error  or  tae  diffuse  ainisoBS  depending  on  tha  phase  of  these 
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suppl^ientary  taf.  If  suppleavntacy  eaf  afe  induced  in  the  sttitionaty 
pacts  of  direction  finder,  then  their  effect  coapleteLy  is  analogous 
slth  the  intenna  affect:  phase  coaponents  vill  produce  the 
dleplaceeent  of  the  ainiauas  (i.e.  the  errocshoae  sign  is  changed 
during  tha  rotation  of  the  fraaeworic  through  160*).  and  nonphase  - 
diffnseness  of  tha  aininuaa.  the  degree  of  dlffuseness  not  depending 
on  the  angle  of  rotation  of  the  fraaesort.  But  If  suppleaantary  eaf 
are  inducad  la  tha  parte,  which  rotate  together  with  the  fcaaevork 
(for  exaaple.  in  ita  iaput/lntrodnctlons)  . then  phase  ooaponents  will 
produce  the  error  whose  sign  la  not  changed  during  tha  rotation  of 
fcaaework  through  180*  a nonphase  • the  dlffuseness  of  the  ainiaon. 
analogous  to  tha  affect  of  bias  currents. 

For  the  alialnation  of  direct  reception.  It  is  necessary  to 
ensure  the  careful  screening  of  an  entire  direction^f lading 
Installation  (input/introductions  of  the  fraaework  and  raselver) • The 
effective  screening  of  input/lntroductions  considerably  le 
facilitated,  if  the  fcaaevork  is  also  shielded. 

In  supply  leads,  also  they  can  be  induced  by  enf  of  direst 
reception.  So  that  these  esf  do  not  affect  the  circuit  of  receiver, 
it  is  necessary  to  use  decoupling  filters  in  feed  clrsuite. 


Beradiatioa  of  receiver.  Circuital  currents  of  receiver  can  give 
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racadiation.  S8c»odacy  field  affects  the  fcaaawcMrli  and  is  the  source 
of  the  errors  or  liffsae  ainlaass  depending  on  the  relationship/ratio 
of  its  phase  with  the  phase  of  ground  field. 


Special  danger  represent  the  last/litter  cascade/sttgee  of 
aeplif Ication  Ln  fundaaental  freguency,  eince  in  their  ducts 
circulate  the  coniidecably  aaplified  currents*  capable  of  creating 
the  sufficiently  Intense  fields  of  reradiation.  For  the 
ezception/elininition  of  this  source  of  errors  here*  as  li  the  case 
of  direct  reception*  is  necessary  the  eery  careful  screening  of 
receiver. 


Page  161. 


Slope /inclini tion  of  the  axis  of  the  fraeevork.  The 
slope/inclinatioR  of  the  axis  of  the  frasework  creates  the  error 
whose  eaxisua  value  can  bn  detersined  by  the  foraula 


Key  I (1).  deg. 


where  j is  angle  of  the  slope  of  the  axis  of  the  frasawork*  deg. 


In  ground-based  installations  this  error  can  be  eade 


1 i fiftiMl.J'.'iLWJ-fii'ijL'i' 


i 

I 

i 

\ 


f <1 

I .; 


|.N 


i , I 

iJ 
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aafflclsntlj  saaLL.  it  is  a different  eattec  aboard  the  ship  or 
aircraft  with  baak;  for  exaaple^  with  bank  into  30^  error  will  be 
approxiaately  4*. 

Bcceatriclty  of  the  scale.  Bcceotrisity  of  the  soala  relative  to 
the  rotational  axis  of  the  fraaework  produces  the  error 

^ 6 + sin  0^  57.3 

Key:  (1) . deg. 

where  «,  is  eccentricity  in  direction  0«180«;  »,  eccentricity  in 

direction  90«270*:  p is  a radius  of  the  scale. 

i 

Incorrect  engraving  of  the  scale,  nonunifora  divlsisas,  etc,. 

Inaccurate  xeco*setting  scales. 

Effect  of  the  nonparallelisa  of  the  fraaework  in  the  systes  of 
the  diverse  Crasswork.  Besides  errors  which  are  inherent  rotatable 
loop#  in  the  systss  diverse  fraaework  can  aanifest  itself  their 
nonparallelisa. 

Ths  cases  of  the  nonparallelisa  of  the  fraaework  in  the  systea 
of  the  diverse  frasework  are  depicted  on  fig.  4.14. 
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3^  O 


Pig,  9.14.  Rot  lo  pacailel  dlvorso  fraaavock. 


Page  182. 

Mara  A8i  aal  of  tOg  • tha  aaglaa  of  daflaction  of  tlia  planes  of 
the  fcaaevork  froi  thalc  regular  arrangasent. 

In  tha  aipraisions  for  osf«  induced  vithin  the  sapacate 
fraaevork,  instead  of  the  angles  8 sill  enter  the  angles  9 * ft0|  and 
9 * A9(,  Since  cos  (8  ♦ A8)  » coo  9-69  sin  8 and  sin  (8  » A8)  * sin 
8 ♦ A8  cos  9,  to  aach  of  the  diverse  frasework  seealngly  had  bad 
added  the  supplasa ntary«  perpendicular  to  it  fraaework  vit h the 
relative  affective  height  of  A8|  radian  and  69g  radian,  fo  tha 
radiation  pattern  of  basic  systes,  sill  be  applied  tha  radiation 
pattern  of  the  diverse  frasework^  perpendicular  to  funlasantal,  aaf 
of  tha  supplaaiotary  fraaevork  can  stora/add  up  not  dif farantlally » 
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but  aecocllnglj.  Than  the  action  of  the  suppleaent'^iv’  fc&aeworK  stops 
of  eguiealentli  ty  the  action  siaple  rotatable  loop,  fuctheraore^  if 
A9|  f hPx#  then  will  appear  the  antenna  effect,  proportional  to 
the  angle  of  the  aonparallelisa  of  the  fraeevork  (A9|*A9() . 

por  the  lieitation  of  the  indicated  ill  effects  (naxinua  error 
30*)  the  diverse  franevork  aust  be  parallel  with  accuracy  10*-15*. 


y.s: 

iatenna  effect  in  a gonioaetric  systea. 


As  vithin  tha  siaple  revolving  fraaavork,  in  gonioaetric  systea 
can  be  observed  phase,  so  also  nonphase  antenna  effect. 

Let  us  exaalaa  siaplest  systea  of  tvo  autoally  perpendicular 
fraaevork  (or  tvo  pairs  of  the  spaced  antennas). 

Let  us  designate:  a|,  a^  are  ratio  of  the  aaplitudes  of  eaf  of 
the  phase  antenna  effects  of  the  fraaevork  of  gonioaetric  systea  to 
the  aaplitude  of  aaxiaua  eaf  of  the  directional  reception;  b|,  bf  - 
the  ratio  of  the  aaplitudea  of  eaf  of  the  nonphase  antenna  effects  of 
the  fraaevork  to  the  aaplitude  of  aaxlBUa  eaf  of  the  directional 
recaption  E cos  9 and  B sin  9 eaf,  induced  within  the  fraaevork. 
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Total  oaf  within  the  fraaewock  taking  into  account  intenna 
effects  ace  expressed: 

£,=  £'((cos04-a,)  + /6,l. 

£,  = £[(sin0-i-o,)-i-y6,l. 

In  the  general  case  the  resulting  aagnetic  field  la  goaioaetac 
will  be  elliptical.  Por  detecaining  the  angle  of  bearing  3^,,,, 
(direction  of  the  transwerse  of  field)  and  the  relation  of  snail  and 
seninajor  axes  of  aagnetic  field  (A/B)  va  will  use  foriuLis  (III. 3) 
and  (III.7)  of  appendix  III*  after  substituting  in  then  values  of  1 
cos  a ♦ St*  a ■ bg*  -n  « sin  e ♦ at*  -p  ■ b*.  Then  we  obtain: 


_ - 4-  i/isin  0 + ,1,  ciis  9]  J-  sill  28 

(<j’f  -}-  ftj)  — (rt*  -j.  6*)-j-2  ^WicosS— ii,sln9)-|-coii  29  ’ 


(■»•!) 


/I 

[((/«&!  —n,b,)  4-  b,  tin  9 — b,  vo*  8| 

^_A  y . ((<i,</,+6'>i)+rti»ln  9 + o,col9  + »ln29J 


sin  2i 


hiiih ' 


(1.2) 


Pros  (4.1)  it  follows  that  the  bearing  error  A in  the  general 
case  is  designed  froa  the  foreula 


tg  2A  =«  2A  tg  {23„„„  — 2'))  -T- 

D ci»  26  — 1-:  tin  20  |-  2ff,cnt  6 — 2r7 1 iln  9 
li  cos  214-0  tin  29  4-  2<Ji  coT'9^  27/,”il~n'9  -l-"l 
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where 

D = 2(a,a,  + 6,6,)  E = (a^  + 6® ) — (a^  + 6^ ) 

ace  error  coefficients. 

Let  as  exaeiie  special  cases  of  the  presence  of  antenna  effect 
in  one  of  the  fcaaevock. 

1.  b|  * at  « b2  * 0;  di  # 0,  i.e.,  only  at  the  first  fraeeworfc 
has  phase  antenna  effect. 

Pa^e  184. 

Pros  (4.3)  it  follows  that  then 

, 2.i,fln  9 +a?fln  29 

a — U,5 — - — 

I -f-  2fl|  cot  ® 4-  «Jcoi  26 

with  approxiaately  with  ag  « 1 


Poraala  (4.4)  shows  that  in  this  case  the  error  changes  sign 
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during  a shanja  is  tha  angle  9 to  IBO^,  i.e.,  occurs  the  fracture  of 
the  axis  of  the  alniaassf  equal  to  26*  after  equating  lero  derivative 
of  (t.ii)  in  tens  of  0,  let  us  find  the  value  Gn«kc.  at  which  is 
obtained  the  aaxlaue  error: 

cos()„„,  = _2o,. 

('«»Ke  — arc  cos  (—  2a,). 

Naxieus  error  will  be 


Ratio  l/B  in  this  case  is  equal  to  Q,  i.e. , eagnetic  fiell  in 
gonioeeter  linear  sinusoidal. 


If  we  restrict  the  fracture  of  the  axis  of  the  nlnieoss  by  value 
20 (A  > 10)  , then  phase  antenna  effect  sust  be  not  sore  than  by  I.Bo/o 
saxieuB  eef  of  tha  fraaeworh  (or  the  pair  of  the  space!  antennas). 


2.  a|  = aj  s bx  « 0;  bj  # 0,  i.e. , at  first  fraaewort  has 
nonphase  antenna  effect. 


Proa  (4.3)  it  follows 

„ „ 6?  sin  28 

A « _ 0,5 4 — . 

I + (i;  cos  29 


(4.5) 


Let  us  find  tha  value  ^MaKCf  »»I  which  is  obtained  naxiauR  arror,  after 
equating  derivative  of  (4.5)  in  terns  of  9 zero: 


cos  20„,„c  = — fef , 
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Aft«c  substltutln;  v&la*  Omiko  1b  (4.5)#  ne  will  obtain  for  th« 
■axiaaa  error 

!►? 

^MtHO — . (4-5') 

I l-ftj 
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BzpresslOD  for  the  relation  of  the  seni-axes  of  the  ellipse  of  field 
on  the  basis  (4.2)  takes  the  fore 

2 A 

^ a 26,  iln  6 _ 26,  sin  0 

1_^-— y 1' r+^fcos  29  + 6|  ^ I + 6;  cos  29  • 


For  the  lov  valnes  b|#  we  obtain  approxie atel y 


2^1  smo  /{  (-^) 

\ ^ / Ma 


b,. 


If  we  restri-t  error  by  value  30* » then  the  periissible  nonphase 
antenna  effect  east  conprise  aot  aore  than  10*12o/o  of  fraae 
reception,  in  this  case,  the  elliptlcity  of  aagnetlc  field  (relation 
of  snail  and  seninajor  axes)  will  be  also  A/B  s 10-l2o/o. 


proa  the  axaained  special  cases  escape/ensue  those  high 
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requiceaents  whisi  aca  pcesented  to  gonioaetcic  systeas  in  the 
ralatlOD  to  the  liaitation  of  antenna  effects.  These  reguireaents  ace 
led  to  the  need  fac  the  fulfillaent  of  the  syaeetcy  of  taa  diagcaa  of 
fcaaeeock  and  paics  of  the  spaced  antennas,  and  also  the  eoaplete 
identity  of  the  paraaetecs  of  the  spaced  antennas. 

The  asyaaetcf#  caused  by  input  circuit,  in  gonioeetcLc  systeas 
is  atteouate/vealcaned  by  the  application/use  of  inductive  coupling 
(in  gonioaeter). 

For  farther  decrease  in  the  antenna  effect  is  applied  the 
electrostatic  shield  in  gonioaeter  or  suppleaentary  iatecvening 
transfocaar  with  the  screen  between  windings.  The  grounding  of 
aidpoint  of  systea  is  also  the  effective  aeasure  of  a deccease  in  the 
antenna  effect. 


The  liaitatisns  of  antenna  effect,  deteceined  for  a systea  of 
two  pairs  of  the  spaced  antennas,  approxiaately  are  rataiaed  for  a 
systea  froa  n of  the  spaced  antennas. 

Seasons  for  appearance  of  antenna  effects  of  systeas  with  the 
spaced  antennas  ace  eiaained  in  § a.8. 


Page  186. 
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Errors  oC  goniosatric  systos. 

Pundasental  reasons  for  the  disturbance  of  the  gonioaettic 
f''  systes:  the  dlsslsilarity  of  saxisas  currents  in  the  fiall  coils  of 

^ gonioseteCf  coasoaication/connection  betaeen  the  field  coils  of 

gonioaeter  or  betaeen  the  fraaeaork. 

a 

1.  Oissiailar ity  of  aaxiaua  currents  in  field  coils  of 
gonioaeter  is  cansed  by  facts  that  are  different  reslstoc^resistances 
of  dncts  of  fraaework  (pairs  of  spaced  antennas),  aaxiaua  Mutual 
inductanca  of  search  coil  vith  field  coils  of  gonioaeter,  either 
aaxiaua  aaf  aithia  the  fraaework,  i.  e. , Zn  « or  A^, 
or  /:')  MKKr  reaaining  conditions,  which  ensure  the 

nornal  operation  of  systea  (3.46),  are  satisfied. 

Let  us  exaniae  the  effect  of  inequality  on  aodula/aolulus  and 
arguaent  of  the  rasistor/resistance  of  the  ducts  of  the  fraaework. 

Let  us  accept: 

= rtcos<?  -r-  hi  sin  9. 


(4.G) 
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where  Zn/x^z  « i > the  relation  of  lodall  of  reslstaose:  w is  a 
difference  iu  thalr  argueents. 


After  substituting  (4.6)  and  (3.46)  with  the  exception  Zi  i = 
in  (3.44),  we  will  obtain 


sin  a COS  8 — *5—  cos  « sin  ^ 

4ll 


/,  — /<u4/C/l,<(,  . 

ZiiZtt ; — w'.li-cos'o  — u'Af'sIn'a 

'■tt 

it  ~ i -j — j-  E/ig^x 

/.Hill 

^ sin  a cos  9— 3COS  f cos  a sin  9 — /asin  f cos  a sin  S 

^ u'if’  uMP 

I — 'J  5 — i— COS*  cos*a  — — ^sln*a— /(I  :: — i— slno  cos'a 


Appro xiiately  it  is  possible  to  count  which  at  the  seall  e and 
values  a,  close  to  unity,  denoeinator  barely  depends  on  t and  for 
current  I3  it  is  possible  to  write  the  expression 


/ . uAf  — (nrcosfsln  9T-/asinf  slne)cosa.f.cos5$ina 

'•~^IT7z7. 

^ 1 1^11 
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After  reject/throwing  the  teres,  independent  of  x,  9 and  e,  we 


will  obt  lin 


I , -j-  cosO  sin  a — («sin  6 cos  9 -f  io<m  'isin  9)  cos  i =-  i {•\.(^) 


or 

/j  -^fl’sin’O  cos*a-j-cos’0  siii*« — 2rtsin  0 cos  Osin  a cos  a cos  <p, 

(4.S') 

where  - proportionality  sign. 

Ezpcasslon  (4.8)  corresponds  to  the  equation  of  ellipse.  Since 
current  in  search  coil  ly  is  proportional  to  its  penetrating  sagnetic 
flax,  of  (4.8)  it  follows  that  the  eagnetic  field  in  gonioieter  has 
the  elliptical  law  of  change  depending  on  angle  a.  Di  .‘iag  the 
rotation  of  search  coil  never  will  conpletely  disapp^iar  the 
audibility.  When  the  plane  of  search  coil  is  perpendisulac  t)  the 
■inor  axis  of  the  ellipso  of  aagoetic  field,  is  obtained  the  vlnlaus 
of  audibility;  when  the  plane  of  search  coil  is  perpealica J ac  to  the 
transverse,  is  obtained  the  aaxiaua  of  audibility. 


Let  us  use  forsulas  (1II.3)  end  (III.7)  of  appendix  HI  to  the 
solution  to  equation  (4.8).  For  this,  ve  assune  that 

/=_flsinOcos<(>.  «i  = — asinOsiny,  — /i  = cosO,  /7^0. 

then 


tg  2a„H„  — -37i7i 


2a  iln  9 cot  8 co»  f 

— a»  iln>  8 (coi*  f + »ln'  f ) 4-[coj'  I 


a sin  29  cos  ^ 2atg8cosip 

cos’9  — (I*  8ln>  9'~  1 — (I’tgi'S 


= lg20,cos(p. 
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where 


tgO,  = fl  Ig  6; 


— II  »lr>  8 C05  6 tin  y 

— u sin  C cos  6 cos  f 


sin  2aM,i„  — lg  9 5111 


(4.10) 


If  we  deterilae  beaclog  by  the  einiatte  of  aadlbLUtf,  then  will 
be  obteinod  the  bearing  error  ^ = which  can  be  foand  froa 

the  expression 

Ig2i  = tg2(a„„„  — 0)=^: 

^ 2 (<7«  — I)  sin  29  — (I  — 2a  cos  f o’)  iln  ^9 ,,  ... 

^(l+2a  cos  f-f-j*)— 2 (o'— 1)  cos  26+(l— 2iicosf+a*)  cos  ' ' 
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Let  us  designate 


D 


/?*  • 


I 4-  2/1  to*  f -f-  a 


■And 

- A K 


f + "•_  / I 1 <7\ 

1 +2nct>$V+//‘'  • 


Froa  (4.11)  ee  will  obtain 


2D  sill  20  — K fill  M 


. £U  fill  . — If  fill  'IB 

— j:_2Dcos20"-Hkcoi'10- 


(4.13) 


it  tli«  low  T&Laes  of  a phasa  dlfforanca  v and  with  ralae  a# 

close  to  unity,  froa  (4.10)  it  follows  that 

A <t 

-g'  = ysin20 

and  at  ® ■ 45»  ws  obtain  - 

Na  will  axailna  the  effect  of  the  diaslailarity  of  the 
resistoc/resistances  of  the  circuits  of  the  fcanewoct.  Aiilogous 
action  will  produce  inequality  on  anplitude  and  phase  of  the  naxinun 
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of  •■£  vlthin  tha  fraaevork.  In  this  csss  of  a Md  » tha 
ptscoding/proYloua  conclusions  oust  bs  cslatsd  to  ^immic  and 

I 

Mane-  ..  ' . ' 

Tbs  obialnsd  expcaosions  (4.9)>(4«13)  charactarLza  tie  error  and 
the  diffusenese  of  bearings  in  the  general  case  of  the  presence  of 
dissieilacity  in  the  ducts  of  the  fraseeock. 

Page  1d9. 


Rhan  # « 0 and  a # 1«  i.e.*  the  aegusents  of  the 
resistor/realstaacas  of  the  fcaaewock  are  ideatlcal,  and  aoduli  of 
resistance  are  different#  fcoa  (4.9)«  (4.  ii)  and  (4.12|  it  follows 
that: 

tK»Nii,r-=rt  it<6.  H-I'J) 

D Iv  - IV' 

* I -f*  2rt  -4*  <<•  fi  ^ i * • 1 4*  2'^  4*  * 

and 


tt?  2d,— 


(■rir.) 


For  this  caae  the  error  can  be  found  directly  froa  acpresslon 
for  current  Ij  (3«  44) : 


/. 


/<a,UE  /i,»  (Zntin  a cot  8 — Zncot  a aln  4) 

, _ «*Tri>co»»tt  wMJ^liriaY' 

ill  i||l  Z,| y 7 I 
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Tb*  conditlaa  of  the  reading  of  bearing  will  be  egualitj  Ij  • 0 
or  the  egoallty  of  zero  nunerator  of  expceenioo  for  Ij.  Proa  this 
condition  we  obtiLo  focaula  (9.14)  in  the  fora: 

‘g«Mua=->— tgO  = fl  tg  0. 


baaring  error  Is  deterained  by  the  ezpresalon 

tgA,=-^tg(a„„„-  0) 


n — I 

7+T  “n  29 


— I 

'-7r+r«‘2« 


D,  tin  26 
I — Dicoi  ‘J9 


(l.lfi) 


Proa  focBuli  (4.16)  it  is  easy  to  obtain  the  derived  previously 
foraula  (4.15).  Let  us  deteraioe  the  naxinua  value  of  error  A|«  after 
equating  zero  derivative  (9.16)  in  teraa  of  9.  Ve  find  0m*h4,  with 
which  is  observed  aaxiaua  error 


Page  190. 


(•1.17) 


After  substitutin)  (9.17)  in  (4. 16) , we  will  obtain  eKpcessico  for 
the  aaxiaua  error: 

Ik  (“I.  IK) 


At  the  value  of  coefficient  of  a«  near  to  unity,  focaula  (9.16) 
is  siaplified; 


' V+'c * Y («  '-  1 J >iii  -’O. 


(4,19; 


DOC  « 77223209 


PAGE  'ns 


i.e.  •tcoc  has  gaadcatlc  law  with  saziSQa  values  at  9 ■ 93#  135#  225# 
315<>.  81th  the  large  dissiaileclties  of  the  aaplitudes  of  currents 
within  the  fcaaewerk  (large  c)  the  law  of  a change  of  t!i>  error  is 
obtained  aore  coaplez:  besides  guadratlc  cosponent  appears  the 
octantal  cosponent  of  error* 

Xf  we  restrict  error  by  value  O.S**,  then  the  periLssible 
dlsslsllarlty  of  the  aaplitudes  of  the  currents  of  field  soils  will 
be  ±2o/Om  It  is  necessary  to  note  that  in  the  case  of  a # 1 of  the 
ezaaination  of  ecpression  for  Ig  follows;  resistances,  latroduced  by 
fcase  circuits  into  the  duct  of  search  coll#  change  with  the  rotation 
of  search  coil  of  gonioaeter,  i.e.#  for  each  position  of  search  coil# 
is  reguired  its  alignaent  of  tuned  circuit.  This  is  one  of  the 
sign/criteria  of  the  dissiailarlty  of  the  ducts  of  the  frtsework  with 
field  coils. 

To  the  ease  results  (errors  with  direction  finding  and  the 
staggering  of  search  coil)  gives  the  dissisilarity  of  the  sazisus 
sutual  inluctancs  of  searching  and  the  field  coils  of  gonioaeter  and 
the  inequality  of  the  effective  height  of  the  franewort. 

In  the  ezasieed  case  of  a ^ 1#  e * 0#  as  this  follows  fron 
(S.IO)#  A/B  ■ 0#  i.e.#  the  diffuseness  of  bearing  (elliptlcity  of  the 
resulting  nagnetic  field  in  gonioaeter)  are  absent. 
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If  Zii  • Zgg  3c  a « 1 and  # ^ 0,  which  coccesponls  t3  tba  case 
when  tba  cesistoc/cesistances  of  the  dacts  of  the  fnaawock  ace 
differing  by  aof  tie.  but  they  differ  in  acgoient#  then  of  (4.9)  and 
(4.12)  follows  that 

tg2a„,„=^lg28  cos? 

and 

D-:0.  K=-tg*  jr=.KV  . 
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Bearing  error  Lg  team  (4.13)  will  be  deterslned  by  the  eyaallty 


tg  2A,  — tg  2 (a„„„  - 0)  — 7-rY,13iTs= 


^ --K.«ln-«0 H"  ”- 


1— tg>  ^co»  -lO 


I.L’O) 


The  elllpticlty  of  field  is  characterized  by  expression  (III. 5): 


A'  i — i — 

' I + 1^'-- ■J'jTiiiv 


(4.21) 


The  aaxiaaa  tralue  of  error  A,,,,,,,,..  which  ocean  when 


fiNttiio  — iirc  Ci>s  ( — Ivj)i 


At  13«  vaLu»i  the  error  has  octaatal  character,  vitb  large  a 
error  function  Is  obtained  sore  cosplex  (4.20).  If  ve  rastrict 
saxisna  error  due  to  a phase  difference  bf  value  0.5^,  then  is 
pecsissible  a phase  difference  # on  the  order  of  15^.  In  this  case, 

■axieuB  ellipticlty  is  obtained  equal  to  13o/o. 

I 

i 

\ 

Let  us  rstnri  to  the  general  case  when  a t 1 and  a a 0.  Cosplete  1 

1 

bearing  error  can  be  presented  in  the  fora  '] 

i 

i 

A = ^miii  — ' 0 = — 0,)  (0,  — 0)  ---  A,  -j-  ^1.  ^ 
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where  A|  ■ #i  - 9 > the  error  dae  to  the  inequality  of  the  aeplitadee 

of  currents  in  field  coils;  A,  *M111[  0,  • error  due  to  the 

presence  only  of  phase  difference  e. 

At  the  low  wnlues  of  errors  At  hnd  At*  they  can  be  designed 
independently  by  forsalas  (4.19)  and  (4.22)  respectiwely. 

Thus*  we  cote  to  the  conclusion  that  the  bearing  error  in  the 
case  when  currents  in  the  ducts  of  the  fraaework  differ  la  aaplltude 
and  phase  and  the  value  of  error  Is  ssall*  equal  to  the  sun  of 
errors*  which  appear  only  as  a result  of  the  disslillerlty  of 
currents  In  aaplltude  and  only  dissiailar ity  of  the  phases  of 
currents.  This  facilitates  the  calculation  of  the  error  la  the 
general  case. 
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Fig.  4.15.  Haxlim  accocs  of  goaioaatric  sysiiea. 
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Figures  by  4. 15  solid  lines  gives  to  dependence  of  a on  S for 
the  different  laxinua  errors  of  gonionetric  systen  (designated  above 
the  carves).  As  dotted  line  is  depicted  the  dependence  (-}!-) 

\ /Mane 

on  #. 


2.  CoBSunicat ion/connections  betveen  field  coils  of  ]Onicneter 
or  between  franework.  We  aasune  that  in  expression  (3.44) 

Then 


/».UC/i,.(ro>  9(Zr roj  1 + Z»ln»)  — »ln  !((Zr»in.  -h  Ziina)) 
Z,,  (Z’  — zf)  — 2Zc»’.*.I'coi  a iln  a — wMI'Z 


I 
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•itk  — ^ cpal  In  radio  dlraction  finder,  appears  snly  the 

beading  error.  The  condition  of  the  reading  of  bearing  will  be  the 
equality  of  zero  lueerator  (4. 2h) , i.e.. 


tg«  = 


Ziin  8 — 7-ccs 9 
Zcot  8 — Zr*in  8 


7, 

sill  « — cos  I 

cos  8 sill  ( 


. (4.2o) 


Let  us  find  soeplete  expression  for  the  error  fuastion  in  the 


case  vhee 


real.  Proa  (4,25)  it  follows  that 


tg  A • 


Igii  = tg{a  - 0;  — 

Z tin  6 — ZrCPS  6 
I cos  8 — 2;'sii'rr  ~ ® 

ilsiii  6 — 7rCos  9 
* 2cos  8 — ^csia  6 ® 


Z sin  8 cos  9 — Z.  cos*  0 — Zsin  i -r  Zr  slii'  S 
2co$*8  — ZcSlr.  8ci>s  64-Z$in'9  — ZrSin  0 cos  6 


(1.20) 


LA 


sin  29 


Let  us  designate  arror  coefficients: 
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For  a bearing  error,  we  will  obtain 

tg  A ss  A ss  E cos20 Ksin  “lO . • (4,28) 

Th?  valuas  dE  maximua  error  A,g.i„e  an d Snaur.  w ith  which  is  observed 
fflaxiiuiB  error,  they  are  designed  from  tha  formulas 


^ftini(C  — dni3,(0  — . 


_£r_ 

Z 


Ownicr.  — ■ 


nrc  Sill 


V'-^J 


} (429) 


When  the  r on un icat ion/connect ion  between  the  ducts  of  the 
framework  is  sjiaLL,  i.e.,  is  small,  error  has  the  quadratic 

character; 

A ~ E cos  20,  (4.d0) 

with  maximums  at  Omakc  = 0,  00,  180,  270®, 


Limiting  ercjc  30’, 


it  is  possible  to 


allow 


?quil  not  more 


than  0.01 
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It  should  bo  noted  that  in  multia ntanna  gonioietcir;  radio 
direction  finders  with  the  nunber  of  field  coils,  lacga  if  two,  the 
presence  of  tha  ooBiraanication/connection  between  field  coils 
escape/ensues  from  the  construction  of  goniometer.  But  thare  this 
coBmun ication/coi 5 ect ion  is  not  led  to  bearing  errors  wita 
synmetrical  anteaia  location  and  the  correct  winding/coil  of 
gonionctric  coils. 

f z 

In  composita  sense  is  obtained  alliptical  fiaLi  in 

goniometer. 

Page  195, 


If  wa  desigaate  Z — t = A'^  , Zc  =/?o -r/A'c.  + A^ 

that  we  will  obtain  formulas  for  the  oriantation  of  taa  transverse  of 
magnetic  field  Smih,  and  for  the  relation  of  the  semi-axas  of  the 
ellipse  of  the  fialJ; 


Ik  2j.mihi  - - 


2 (RRr  + A'AM  - Sin  20  (;>  + -•) 
cos  20  — /») 


I 


i 


- \R,\ 

]/ cos'20(.-^’-.’’)*-r|2  (««c  J-.\\v7)-Viii.’9i;>  r ”)i’ 
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In  CDncliisiDi  let  us  note  that  the  value  of  instcjiaent  errors 
depends  on  the  circuit  diag^rair  of  goniome  trie  system.  During  the  use 
of  a goniomettic  system,  it  is  possible  or  to  tune  both  framework  (or 
both  pairs  of  antennas)  into  the  adopted  wave  (Fig.  4.16ai , or  to 
apply  untuned  antannas  (Fig-  ‘'-loo).  In  the  case  of  tie  inclined 
system,  tie  laast  nonidentity  of  the  circuits  of  two  field  coils  or 
their  small  detuning  (what  it  is  virtually  difficult  to  avoid)  cause 
change  in  valua  aid  nhase  of  currents  in  them  and  tharaoy 
considerable  errors  at  direction  finding.  From  this  viswojint,  is 
more  favorable  tha  diagram  with  the  unadjusted  framework,  since  in  it 
small  changes  of  the  parameters  of  circuits  are  not  causal  such  the 
sharp  fluctudtiois  of  value  and  phase  of  currents. 
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Pig.  U.lb.  Ciccutt  diagrams  of  goniometric  system:  a)  i*ita  spiral 
loops;  b)  with  unadjusted  framework. 

Ke  y:  ( 1)  . To  recei  vec. 

Page  19b. 

Therefore  at  present  almost  exceptional  a pplication/uss  found  diagraa 
with  the  unadjusted  framework. 

We  examinad  the  effect  of  breakdown  of  conditions  (3.4S), 
characteri7,ing  tha  normal  operation  of  goniometric  systai,  with  the 
exception  of  the  effect- of  the  field  nonuniformity  in  goniometer  it 
is  given  below  in  the  examination  of  the  errors  of  goniometer. 
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Analysis  of  the  effect  of  nonuniformity  of  the  field  in  the 
goniometer  is  given  below  during  exkmlnatlbh' of  errors  of  the 
goniometer. 


a.  7. 


errors. 


causetl  by  yonionater. 


The  fundafliental  reasons  for  the  errors  of  gonioaster  they  are; 

1)  the  Jiasia  i li  ri  ty  of  tiie  oagnetic  fields  of  fiall  coils; 

2)  tae  coiBui  i cat  ion/connect  ion  beti#een  field  coils; 

3)  tae  nonpec pen i icularit y of  field  coils; 

U)  capacitiva  coupling  between  field  and  search  roils; 

5)  tie  noauni  forraity  of  the  field  of  field  coils. 

Ir.  5 4.6  it  was  est  abi  ish/inst  all  ed  that  with  tha  3 i 3 siai  la  ri  t y 
of  tho  majnetir  fields  of  field  coils  on  amplitude  and  on  the  phase 
in  goniometer  with  two  field  coils  appear  the  error  ai3  tie 
elliptirity  of  tu  rosulting  magnetic  field  which  are  designed  from 
formulas  (4.10)  and  (4.11). 
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In  goniometsc  with  the  laiye  number  of  field  coils,  the 
dissimilarity  of  maynetic  field  of  one  of  the  coils  oiusss  the  same 
errors  ana  ellipticity  independent  of  the  number  of  field  coils  in 
goniometer.  In  goniometer  with  four  field  coils,  the  iijaatic  fields 
of  separate  coils  can  be  distinguished  between  themselves  to 
different  values.  Depending  on  the  distribution  of  thesa 
dissimilarities,  four  zero  directions  of  the  pairs  of  ooils,  shifted 
normally  one  relative  to  another  to  90°,  can  take  any  vaLies.  the 
permissible  dissin  ilarities  of  B.agnetic  fields  in  thass  Sfstaos 
approximately  the  same  and  in  the  simplest  system  with  tw>  field 
coils.- 

Tho  effect  af  the  coiumunication/conn ection  between  the  field 
coils  or  the  framework  in  syste-r,  with  two  framework  is  examined  into 
§ “•b. 

Page  197. 


The  error,  caused  by  the  nonp'er  pendicula  rity  of  ta?  field  coils 
of  the  goniometer  or  two  framework  (two  pairs  of  the  spaced 
antennas),  is  approximately  expressed  by  the  formula 
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vhero  6 is  an  angle  of  deflection  froin  perpendicularity. 

This  fornul)  is  not  considered  outual  inductance  betueen 
framework  or  coils  of  qoniometet  (with  their 
nonparpenl iculari t y) whose  effect  is  examined  into  § i.S. 

The  errors,  caused  by  capacitive  coupling  between  field  and 
search-  coils,  iepend  on  frequency.  Therefore  in  direction  finder  it 
is  necessary  to  avoid  the  appearance  of  such 

comaunica t ion/coi  1 ect ions.  Foe  a decrease  in  the  capacitince/capacity 
between  field  and  search  coils  in  yoniomater,  is  applied  the 
electrostatic  shield.  The  appl ication/usa  of  a screen  vary 
substantia  11 y dacreases  also  the  value  of  antenna  effect.  The 
construction  of  goniometer  with  the  electrostatic  shield  Is  shown  in 
Fiy.  4.17. 

It  was  previjusly  assumed  that  the  field,  in  which  rotates 
search  coil  of  goniometer,  is  evenly. 
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Pig.  4,17.  ConstrastiDfi  of  goniomuter  with  electcostat is  shield:  i 
assembled  selector;  b)  screen  and  framework  of  search  coil;  c) 
framework  of  field  coila. 

Key;  (1).  Collectjc/ceceptacle, 


Page  198. 

With  the  nonuniformity  of  the  field  of  field  coiisr  the  fjrm  of 
directional  characteristic  is  not  changed,  hut  the  orLantjtion  of 
search  coil  by  which  is  obtained  sero  i eception/proceduce,  it  no 
longer  corresponds  accurately  to  the  angle,  composed  by  iicomlng 
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electcomagnet  ic  fteid  with  plane  of  one  of  the  ftawewocic. 

Prom  the  considerations  of  syraffletry»  it  is  clear  that  in 
gonioneter  with  two  field  coils  this  difference  will  aot  sanifest 
itself,  waen  rsy/oeas  falls  in  plane  of  one  of  the  fcanework  or  at  an 
angle  of  4So  to  them.  The  error  function  of  gonioaetar  is  depicted  on 
Fig.  4.18.  This  error  ho  is  called  the  octant  error  of 
connu nic at  ion/con n ect ion. 

To  dacrease  it  is  possible  by  means  of  the  appropriate  selection 
of  geometric  dlasisions  and  form  of  field  and  search  colls. 

The  octant  arror  will  be  equal  to  zero  with  any  fora  of  field, 
if  searcli  coll  is  carried  out  in  the  form  oi  the  winding,  evenly 
diatributsd  In  t*s  body  surface  of  rotation  [1.6].  One  Form  of  tills 
winding  is  described  into  § 3.9  [4.6]. 

Th:j  octant  srror  can  be  eliminated  also,  if  search  coil  is 
fulfilled  of  two  sections,  wound  at  an  angle  of  45®  to  »ich  other. 
Since  iluilng  rotation  through  45®  octant  error  reversos  the  sign  anJ 
has  approxlmataly  the  sane  absolute  value,  the  errors  of  two  parts  of 
this  selector  average  out.  The  virtually  curve  of  tha  octant  error 
not  always  is  is  completely  symmetrical,  and  the  angle  of  shift  of 
the  sections  of  salector  is  necessary  to  selact  e xper i » an t al 1 y . 
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Figures  4.19.  gives  the  dependence  of  the  error  of  gonioneter  on 
the  angle  of  bearing  in  the  range  of  frequencies  30-100  flHz.  Each 
field  coil  of  goniometer  consists  of  two  turns,  wound  at  the 
different  angles  of  relatively  each  othec«  Errors  are  given  for  the 
angles  between  turns  27-gO®,  designated  in  figure. 
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Pig.  tt.18.  octant  ercor  in  goniometer. 


Key;  (1).  Error  lag. 


Page  199. 


The  errors  af  goniometer  it  can  be  decreased  by  the  subdivision 
of  field  or  search  coils  on  section,  moraover  turn  nuaher  in  each 
section  oukes  different.  The  distribution  of  turns  on  sections  is 
selected  expecimantally  [4.U]-  Figures  4,20  depicts  the  form  of  the 
subdivided  stator. 


Df  goniometer  with  four  field  coils,  the  octant  error,  caused  by 
the  nonuni foraity  of  the  fields  of  coils,  is  close  to  zero,  since  is 
obtained  not  comps nsation.  Remanent/residual  error  has  usually 
duodecimal  character. 
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Pig.  a.l9.  Errors  of  goniometer. 


Key;  Cl)-  Errors  leg.  (2).  True  reading,  deg. 


Pig.  4.20.  Amn  j » a an  t /permutation  of  turns  in  groove/alots  of  stator 
of  goniomater. 


DOC  = 77221210  PAGE  _ 

Key;  (,1)  . Kunber  3f  groove/slot.  (2).  Turn  nunber. 


i 

¥ 

i 


I 


II 
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Page  200. 

The  errars,  connected  with  the  field  nonun ifora Ity  in  jonLoneter,  ace 
caused  by  the  facts  that  in  the  virtually  fulfilled  gonicweters  the 
law  of  a change  of  the  mutual  inductance  between  field  ani  search 
coils  of  goniooetar  depending  cn  the  angle  between  coils  can  differ 
from  the  sinusoidal  and  be  periodic  function.  Usually  laca  powerfully 
are  developed  the  odd  harmonics  of  conmunicat ion/connsction. 

During  the  isvslop'aent  of  goniometer  (or  the  matching  coordinate 
transformer)  for  aultimast  radio  direction  finders  wita  tie  auditory 
or  automatic  raaiing  of  bearing  it  is  necessary  to  consider  that  the 
harmonics  of  the  communicdt ion/connection  of  the  coils  of  goniometer 
are  led  to  the  different  errors  depending  on  the  method  of  the 
reading  of  bearing,  number  of  antennas,  separation  of  aatannas  and 
law  of  coamunicat I on/connection . These  questions  are  investigated  in 
[4.1 


I 

i 

-i 


< 

I 

« 


1 

4 


Wi«-h  use  of  goniometer  in  by  antenna  to  system  by  a small 
sepal  t’ ion  with  an  increase  in  the  number  of  pairs  of  aotannas  a 
increasing  quantity  of  oda  haiaonics  of  commii  nicat  ion/conn  ection 
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ceases  to  affect  the  creation  of  bearing  errors.  For  lataanas  with 
large  separation,  besides  the  errors  of  separation, 
exaBine/considerei  into  ^ <*.9,  and  the  errors  of  gonL>aat3r,  appear 
the  supplementary  errors  and  diffuseness  in  the  reading  of  the 
Biriimun  for  audition  (or  the  ellipticity  of  the  iaage  of  bearing  in 
the  tKC'Channel  radio  direction  finder),  that  depend  on  the  coabined 
effect  of  the  harionics  of  cooniunicat ion/connection,  separation  of 
antennas  and  their  number* 

4.8*  Instrument  errors  of  system  with  the  spaced  antennas. 

To  system  with  the  spaced  antennas  are  characteristic  the 
instrument  errors,  examinee!  earlier.  Direct  reception/pcocedure, 
reradiation  of  rs^eiver,  and  also  the  mechanical  failures 
(slope/inclination  of  the  axis  of  rotary  system,  eccentricity  of  the 
scale  of  rotary  system  and  goniometer,  incorrect  engraving  and 
inaccurate  installation  of  the  scale  of  the  reading  of  bearing,  etc.) 
they  are  developed  in  this  system,  just  as  in  system  wita  the 
revolving  fraaework  (see  § 4.4), 

Depending  oa  that,  as  is  utilized  this  system  (ia  tia  form  of 
the  rotary  pair  of  the  spaced  antennas  or  with  goniometer)  , antenna 


h: 


glT*Vfc^V»'< 


r 

4 


1 
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effect  aas  3iffer»nt  character  (see  §§  4.2  and  4.5).  During  the  use 
of  this  systaa  with  joniometer,  can  appear  the  errors,  chi racteristic 
to  any  gonioaetric  systeo  (see  §§  4.6  and  4,7). 

Besides  these  the  system  with  the  spaced  antennas  possesses 
still  other  specific  sources  of  errors. 

Pa  g e 2 01. 

laportant  value  tus  the  error,  which  appears  as  a result  of  the  large 
distance  between  the  vertical  wire  antennas  in  motionless  external 
system.  However,  for  the  purpose  of  an  increase  in  the  sensitivity, 
they  frequently  increase  the  separation  of  antennas  ul  tnereby  they 
allow/assiime  this  error  (see  § 4.9). 

Let  us  examiie  the  rotating  couple  of  the  spaced  intannas  A and 
B,  which  ice  located  at  a distance  /n  and  z',?  from  the  receptor, 
arrange/located  at  point  o.  (Fig.  421). 

Assume  that  a pair  of  antennas  is  Influenced  by  a vertically 
polarized  field.  As  the  beginning  for  the  counting  off  of  phases 
we  select  the  phase  of  the  field  at  point  0.  Let  us  designate  the 
phase  of  field  at  point  A by 

‘ ,1  — r ^r.COS  0, 

the  phase  of  field  at  point  B by 


J 

i 


""FTJiTirujr 
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Pig.  4.21.  Asyanatric  location  of  spaced  antennas. 


Page  202. 

Phase  displacejeat  of  currents,  if  we  examine  currents  of  field  coil, 
i.e.,  of  point  O,  will  consist  of  two  terms: 


- phase  displacement  because  of  the  phase  angle  of 
resistor/resistanres  Z.,  and  Z„.  the  value  of  this  phase  displacement 
by  designation  v.i  and  v„  respectively: 


phase  displacement  >1- 1 and  ij  n because  of  propsjjtLon  time  of 


current  along  tha  feeder,  whicn  connects  antennas  with  the  receiver: 

y 4 ■ “x”  Vii'~ — >2  *1 /i(iit 

where  are  dielectric  constants  and  the  lengt^  of 


feeders.. 
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Currf»r.*-f?  are  exprssspd; 


/ A '^.1  ^^‘-1  '(*  l++,l  + ’/l) I J^A 

/.=  -^i — e = c = / ,c  , 

''  *.-1  '' 


} H-Sa) 


/ __  <+n  'i'’'fl  <- >/i  <-*B ) / 2’«  I 

1;  =-r-e  • 


9,,^  V , — -•^.  (|/f , /,|,,  -t-  /r,  COS  f/): 

9„  ~-  'V  — --  cos  '))■  (1-30) 


Spill  curceit,  which  causes  r«*cept ion/procedure,  is  sxpressei  as 


follows: 


/,  = {/aCos<f^  - /^cos  ?^)  + / (/„ sill  (p„  - / ,sin  9,,).  (4.37) 


where  the  atnplitule  of  the  current 


= 3/,/„cos(9„-9,; 


Let  tis  examina  sj^eral  speci.al  cases. 


1.  Inequality  .ot  11. stances  of  antennas  from  I'Ceiver.  In  this 


^ri  =A  /rn  ^01  ^ ^U>»» 


but  t.hi^  :^y:n*!ctry  of  two  antpana'i  in  r^tainai,  L-p., 

7tic  lifference  current  fror  (4.37)  will  oe 


~ I(cosy,j  ~ cos  y^,)  / (sin  y , - - sni  9 ,)) 


I 
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...,si„(-!!iri!.)„s(i4'---)].  (4.38) 


The  amplitude  af  lurcent  is  expressed: 

-)■  (4.3^') 


EA  . „ ! fa  — tA 
z 


f rv 

/,^2  —siny 


Let  us  suDstitute  values  9,  and  by  formula  (4*3S>  into  formula 

(4  38*)*  _ 

/.=  2 ^sin 4. -/.74,)  + (/„ -f /,,)cos  (/]. 

(■(.39) 


Currant  is  agual  to  zsio,  when,  argument  with  sine  is  equal  to  zero. 


U c.  , when 


C(»  «j  = 

•f I "T  ‘i| 


Sins*  right  side  is  not  egual  to  zero,  are  two  solutions:  9 and 
180®  - 9 which  ara  distinguished  to  the  angle,  not  eguai  to  180®; 
here  occurs  the  fracture  of  the  axis  of  bearing. 

Tlius,  we  sea  that  the  asy-nroet tic  antenna  location  ralative  to 
receiver  leads  to  the  fracture  of  the  axis  of  bearing  aid  is 


DOC 


77223210 


PAGE  3^^ 


developed  on  anal;jgoi:s  with  the  phase  component  antenns  affect  (§ 
4.2),  The  value  of  fracture  is  dfetermined  by  the  relative 
displaceme.t  of  aitennas  from  symmetrical  location. 

Let  us  dataraine  the  permissible  amount  of  the  displaceaent  of 
antennas  from  the  center,  accepting  the  standard  deviatioi  of  bearing 
from  the  true  of  D. 25-0. 3®. 

Let  us  assuoa  a = do  * the  absence  of  error,  tje  current 

is  tu’-ned  into  zero,  when  6^  = 90“.  Error  A = 9 - 90®  is  ieterained 
from 

sin  A ^ A = = 0,005  O.n  1 . 

T *r| 

Let 

I,  = *,  = I , , — /,|i,  ~ A/|(,  If,  — /fj A/, ; If,  /r,~ 2/’. 

Page  204. 


In  tais  case  must  be  fulfilled  the  condition 

i. e-  the  central  Locdtion  of  receiver  must  oe  maintaiasd  vith 
accuracy  3.5-1o/o. 


2.  Asymoietry  of  antennas  on  phase  angle..  He  set/i3sj«e; 
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/(Ji|  - /||  j — Ajil  *1  - *3  --  t,  /fi  - 

/ =/  ■=r  I = — 

9a  ^ '^'a  ~ T ^'I'  "T  ^ ct)s  0), 

9„  “■  '•  ^ '>)■ 

After  fiubstit  utin  values  and  in  (4.36*),  ns  will  obtain 

/,  — 2 sill  /)C»)s  & (4.40) 

As  in  tha  pcaceiing  case,  here  is  obtained  the  fracture  of  the 
axis  of  bearing.  Error  in  the  deter nina ti on  of  beariaj  is  detarnined 
by  the  formula  * 

4n& 

With  2b/X  = 3.2,  limiting  error  by  value  A ~ 0.23®,  ve  will 
obtain  tiiat  a difference  in  the  phase  angles  impedances  of  both 
antennas  must  not  exceed  value 

v< .sin  2it. 0.2  0,005 v.^;0,36°. 

Key;  ( 1)  . or. 

From  this  example  it  is  evident  that  the  symmetry  of  antennas 
oust  be  fulfilled  with  very  high  accuracy. 
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Figures  4.21  and  formula  (4.37)  for  spill  current  shows  that  in 
the  examined  cases  the  different  component  of  spill  cucrsit  Iq  is 
approximately  squsl  to  zero  and  reception/procedure  is  deterainei 
that  mainly,  by  the  nonphase  component  whose  amplitude  value  is 
expressed  by  foriula  (4.39)  or  (4.40),  moreover  occurs  tbs  fracture 
of  the  axis  of  baarings. 

For  tha  limitation  of  the  fracture  of  axis,  it  is  necessary  that 
with  possible  asyimetry  of  antennas  in  rasistor/resistanca  a change 
in  the  angle  v in  the  phase  response  of  the  tesistor/ces ista nee  of 
antenna  feeder  system  would  be  little. 

It  is  known  that  especially  strongly  changes  tha  phase  response 
of  any  circuit  at  frequencies,  close  to  resonance.  It  is  necessary  so 
to  select  the  parameters  of  the  antenna  leader  system  of  the  pair  of 
antennas  so  that  the  frequencies  of  resonance  for  the  nonphase 
couponent  o'"  current  would  be  located  outside  working  frajuency  band. 

This  requirement  is  placed  during  tne  design  of  aataina  systems 
with  the  spaced  antennas. 
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.1.  Inequality  of  amplituJes  of  currants  in  anteiias.  Ue  assume 


that 


Iri  ■—  Kt 


• 1^*1  ^-I'l  ~ I'  ',1  ~ '/I  'o-  J 


(1.41, 


tinder  these  conditions 

„ 4nA 


After  substitutiij  values  (4,41)  into  formula  (4.37)  for  spill 
current  Iq,  we  will  obtain: 


A = - 2[/(si 
-j- 

+ /2[ 


a 

) ' 


fii  + iA  . Vn  — »,i 
sill  — ^ sin 2 — 

, . , ^ fii  + »4  in  — f,i 

H^/y^cos- -J— — -J 


/ (^cos 


For  the  amplltuda  of  spill  current,  we  have 
/,  = 2 j//  /’sin*  + (A/)> cos*  ‘{-^2- , 
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Consl.derinu  that 
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low  value,  it  Is  possible  to  assuae; 


(4.42) 

As  sin  be  ssifi  from  last/latter  expression,  the  Inequality  of 
the  amplitudes  of  currents  in  antennas  on  its  action  is  analogous 
with  the  intetina  affect,  which  has  phase  displacement  and  it 

leads  to  tha  f or b a t ion/educat ion  of  the  diffuse  ainiauns  without  a 
change  in  their  direction. 

For  the  limitation  of  value  AI,  it  is  expedient  to  salect  the 
parameters  of  the  antenna  feeder  system  of  the  pair  of  antennas  so 
that  the  frequencies  of  resonance  for  tha  phase  coapoaait  of  current 
would  not  be  located  in  operating  range.  If  for  the  purpose  of 
sensitization  in  the  long-wave  part  of  the  range  it  is  laoessary  to 
disrupt  this  conlition  and  to  allow/assume  Lesonance  in  operating 
range,  then  it  is  necessary  to  take  measures  for  that,  in  order  to  at 
the  resonance  frequency  when  reactance  is  equal  to  zero,  would  remain 
sufficiently  high  effective  resistance.  For  this,  for  example, 
connect  of  antennas  supplementary  effective  resistanca.  Taen  the 
possible  1 issii il a r it i es  of  antenna  resistances  do  not  riuse  the  high 
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values  Ll  and  lacje  antenna  effects  (ot  errors)  at  direction  finding 

The  i issLiil arity  of  radiation  currents  can  occur  also  due  to 
the  diss in ilarity  of  the  effective  height  of  antennas,  dissinilarity 
of  the  load  inpedances  or  paraneters  of  feeders. 

Me  exanined  affect  ai  with  the  pair  of  rotary  anteiaas;  this 
effect  iti  by  gonianetric  antenna  to  systen  is  exaiined  into  § 4.5. 
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4.9.  Error  of  the  separation  of  gonionetric  systen  fCJi  i of  the 
spaced  antennas. 


In  3 was  axaiined  the  reception/procedure  to  the  jonionetric 
systen,  consisting  of  any  number  n of  the  spaced  antennas.  Is 
obtained  formula  (3.63*)  for  the  calculation  of  voltnge/st cess , 
induced  in  search  coil  of  goniometer  Current  in  searci  coil /„! 
where  Z,i  are  resL stor/resistances  of  the  circuit  of  search  coil. 


i 

z. 


By  formula  (3.63*)  for  a current  in  search  coil  it  is  possible 


to  write; 


■ 1.  it,' [4y,fiai-|  ,'  h'lii -irnili  f p ■;_ 
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??n  6 


-'I  V /\(,„*,sin  (Aa  •^A.i.iSin(A7t~l)()  ciis  a— 


■ 00  CD  1 \ 

— V /\(,„*,cos(A7t -j- U® +X. ® siiia>, 

.*-0  * = i } 


{\A-6) 


where 


/U«*.  = 2/‘‘«  = 7fc 


,(^cosp\ 


Let  us  pceseDt  /„  in  the  form  * 


/u^MfCOSa,  — ;1/,sin  a, 


where 


Af,  = /\,sinO  — >4,,.,sin(/t  — 1)  0 -i-  /\„4.,sin  (/t  1)0  — 

— Ajri  - 1 sin  (2/:  — 1)0+  , sin  (2/t  -j-  1 ) 0 + . . ., 

A/,  T=  A,  cos  0 + An.,  cos («  — 1)  0 + A„  n cus  («  + 1)  0 -t- 
+ Aj„ . I cos  {2u  — 1)0  + A,n» , cos  (2/t  + 1)0  + ...  (A.  I I ) 


FOOTNOTE  *.  This  sane  to  dependence  is  subordinated  th»  cjsulting 
magnetic  fieli  in  goniometer,  and  also  image  on  the  cathoie-ray  tube 
of  two-channel  rilio  range  finder  (see  Chapter  8).  ENDPOOTNDTE. 
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Page  208. 

Uhen  ratio  2rb/A  <<  then  in  each  of  the  expansions  N|  and  Nj 
it  is  possible  to  be  restricted  by  one  neibei;.  In  this  case 

/ii  A ^ cos  j (sin  0 cos  a — cos  0 sin  a) 

— 7,  ^ cos  ^^siii(0-  - ai.  (1.45) 

Current  /ii  = 0,  i.e.  with  auditory  aethod  is  counted  off 
bearing,  ahen  0 = a.  Thus,  is  satisfied  the  condition  of  the 
error-free  operation  of  the  goniometric  system  of  radio  direction 
finder. 

With  an  increase  in  the  separation,  equality  (4. 45)  is 
disrupted.  Appear  the  bearing  error  (the  so-called  "arcor  of 
separation")  and  the  diffuseness  of  reading  (elliptical  resulting 
magnetic  field  in  gcniometer). 

For  the  calculation  of  the  error  of  separation  A and  of  the 
ellipticity  of  field  A/B,  let  us  turn  to  formula  (III. 12)  and  let  us 
replace  in  it  Mi  and  with  expressions  (4.44); 
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. --l  \ ,tf, cosB  — /UgSlnS  

^ ^ J A(iCos  6 + sill  9 

( ~ ■'III  - I + /'„♦  i)  sliwiO  -I-  ( — A,„  - I + Ain  I. li  sin  2u9  + . . . 
'At  (^in  - 1 4-  +-  i)i^os  /i9  4-  I 4*  •1t<»  + »1co8  2/i9  4"  • • • 


Assuning 


^*1  ^ - I *1"  + ^ 1 - 1 - • •* 


we  obtain,  that 


tg  {a  -i-  / 4)  = sin  «0  - 

--Jv..'  sin  nO  cos  nO  4- 

-1,  /i, 


4|n.  I 4*  ^U"+ 1 
/li 


sin  2«H*  • • • 


or 


At 


sin/iO-l- 


'^it  - 1 ''^<1  ■»  I 

Ta\ 


^s«+  1 — ’ A 


sin  2«0  . 


(4.46) 
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Let  us  exaalse  two  individual  cases:  the  nunbec  of  sotennas  n 
even  and  the  nuabar  of  antennas  n odd. 
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1.  Nunbec  of  antennas  and  oven.  In  this  case  the  rl^iit  side  of 
expression  {4.46)  is  purely  real;  therefore  A/B  = 0;  i.e.  the 
ellipticity  of  fiald  is  absent. 

Replacing  ^4,,  and  ^4,,,*,...  by  their  expressions  with  Bessel 

functions  (3.51),  ve  obtain 


~ f t 2nfc  N r 7nh  \ 1 

[—  1)-  I /„  + , cos?  j + cos  3 j J 

1 


/ ir.b 


sin  ah  4- 


,'2r:&  .S 

— COS  3 J 


r t 2«6 

2 1 ;,^“cos3 
, / 2s/)  , \ /2«/>  . \ 

cos  \ 


i” 


A 


r^-b  . > 


sin  2n()  4-  • • • 

(1.47) 


Approxiiria tel  y 


tlj  ^ ^ 


n 


, ,Tr  r2h  \ 

( 2nh  \ T 

(— 1)  1 /..n  cos  jj 

. cos^jj 

t /2pi/)  \ 

^-cus  3j 

sin  //'). 
(4.18) 


It  is  known  that 


Tlius,  we  seD  that  with  even  number  af  antennas,  if  is  not 
satisfied  for  tha  separation  of  antennas  condition  2»b/i  <<  1,  occurs 
the  bearing  error,  which  is  expressed  by  formula  (4.49).  The  law 
governing  the  error  of  the  separation  of  the  antennas  of  iual  order 
relative  to  the  number  of  antennas,  i.e.,  at  by  the  four-*ntenna  of 


system,  these  are  the  octant  error,  at  b/  tne  six-antenna  of  system  - 
the  error  of  12-fold  order,  etc. 

During  parallel  connection  of  the  pairs  of  adjacant  antennas, 
which  are  located  at  an  angle  2y,  from  formula  (4.48)  wa  will  obtain 
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3VD 


r /2nfr  S f n 

(-  i ) [ / „ y i cos  3 J cos  “ ‘y  K + 

/,  pjX 

/2«!i  . \ / 1:  \ T 


X.cos  t 


sin-|-0.  (4.50) 


Exprjssioi  ('4.50)  is  obtained  under  the  assuaption  that 
iapedancea  of  all  antennas  ate  iiientical.  In  reality,  wita  asyronetcit 
antenna  location  their  impedances  become  different.  rhi>  procedure  of 
calculation  of  (ha  ecror  of  separation  takimj  :nto  account  mutual 
iapedaiices  with  aa  y antenna  location  is  jiven  in  [ 4. 4 ). 


i ‘ 


Fotn-ula  (4.49)  Cot  the  low  values  of  tho  separation  of  the 
antennas  when  2»h>^x  cos  ii  < M =5; assumes  the  fori 

'2nl) 

I Y-cos  ? 

(4.51) 


Prom  formula  (4.51)  follows  that  tor  by  the  four-antenna  of 
system,  i.  e.,  when  n = 4,  and  with  2*b/i  cos  (3  t 1 


Pa ye  211. 


is  ~ -jV  (|x  P )*  4*- 


The  error  of  the  eeuaration  at  by  the  foJt-antenna  of  system  has 
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octant  lau  from  9 arid  Ls  dosiqned  from  formula  (4.52). 

Figures  4.22  depicts  the  errors  of  separation  depending  on  s = 
2irb/X  for  the  different  number  n{^  = 0)  » constructed  according  to 
formula  (4.49)  . 

On  toe  axis  of  abscissas  besides  scale  s,  is  plottod/applied 
another  scale  2b/x. 

Curves  in  Fig.  4.22  show  that  the  errors  rapidly  iaccease  with 
an  increase  in  tha  number  of  antennas  and  with  respect  rapidly 
Increases  the  peraissible  separation  for  tho  assigned  laximum  error 
of  separation. 

For  the  separation,  close  to  2b  = 1.22\,  when  Jj  (2rD/\)  = 0 and 
ef fectivaness  of  system  equal  to  zero,  errors  strongly  grow/risa,  but 
they  rapidly  fall  with  a decrease  in  tl.e  separation  (2b  < 1-22X).  For 
separation  2b  = 1.  8x/ir  = 0.  573X,  the  values  for  J|(2rb/x(  and  the 
effectiveness  of  sys^-eis  reach  maximum  values. 
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Pig.  4.22.  Err3rs  of  separation  with  different  nunber  of  intennas. 

Pa  g e / 1 2 , 

Figures  4.23  shows  close  to  the  maximuni  of  the  error  for  0 ~ 
22°30'  for  8-antenna  synteni  with  parallel  connection  of  the  adjacent 
pairs  of  antennas  [y  = 22®30*;  27®30*;  30®)  in  the  case  wiePf  the 
resistor/cesistances  of  all  antennas  are  considerad  iiantical,  and 
when  y = 27®15*  for  one  special  case  of  antenna  location,  when  is 
considered  the  dissimilarity  of  these  resistor/resistancas 


DOC  = 77223210 


PAGE  trff-  3 


Here  foe  i comparison  are  yiven  errors  for  by  the  foar-intenr\a  of 
system.  From  Fig.  4.23  it  follows  that  if  we  <Jo  not  consiler  the 
dissimilarity  of  complete  antenna  resistances,  then  betwean  the  pairs 
of  the  parallel-can nected  antennas  optimum  angle  will  be  y = 27®30*. 
When  the  resistor/resistance  of  all  antennas  it  is  not  possible  to 
consider  identical,  the  best  angle  between  the  patall el -co nnected 
antennas  depends  jn  si ze/dimensions  by  the  antenna  of  system  and 
parameters  of  single  antennas,  optimum  angle  y can  differ  from  27®30* 
- it  must  be  estabLish/rnstalicd  as  a result  of  calculations  [4.9]. 

To  apply  it  is  more  than  8 antennas  virtually  ina x pa  1 ie nt ly, 
since,  limiting  jaximuni  error  by  value  2°,  with  8 antennas  it  is 
possible  to  allow  separation  2t  = KOSi,  close  to  maximusi 
pe  rmissibl o. 


All  tha  curvas  cf  Fig.  4.22  and  4.23  are  designed  for  the  ground 
wave  when  ^ = 0.  3 f system  without  parallel  connection  of  antennas 
with  an  in(,:rease  in  the  angle  p,  the  error  of  separation  falls,  sinca 
in  tills  else  saanitigly  decreased  equivalent  separation. 


A 


Fig.  4.23.  Errors  of  separation  of  S-iast  system  during  pirallel 
connection  of  adjacent  antennas. 

Key;  (1).  TaKing  Into  account  resistoi/rcsistance. 
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Tr.  systems  with  t.he  parallel-connected  pairs  of  antannas,  t 
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error  of  separation  not  always  does  fall  with  an  iocreiso  in  the 
angle  of  incidenoa.  It  can  have  a naximua  with  ^ ^ 0,  and  with 
certain  change  sign.  This  is  explained  to  the  facts  that  in  such 
systems  by  selaction  y is  realized  error  compensation  of  separation 
on.  y for  tlie  anglj  of  the  slope  of  a front  of  wave  0*3. 

Table  4.1  gives  the  permissible  sepiiations  of  antanias  at  the 
different  valuas  of  maximum  errors  for  the  different  number  of 
anteimas  n.  For  3- antenna  system  with  ths  parallel-coniacted 
antennas,  it  is  taken  into  account,  that  at  some  angles  of  incidence 
the  error  can  change  its  sign,  and  therefore  the  permissiole 
separation  for  taese  systems  is  designed  on  the  basis  of  the  aaxittum 
spread/scopc  of  error.  Antenna  rosistancas  are  assunel  to  he 
identica  1. 

From  all  that  has  been  previously  stated,  it  follows  that  with 
an  increase  in  the  number  of  antennas  with  just  one  separation  of 
antennas  the  error  of  separation  falls.  If  we  restrict  error  by  the 
determine!  value,  then  the  permissible  separation  increases  with  an 
increase  in  the  number  of  antennas. 

Table  4.1  gives  the  ratio  of  maximum  separation  of  systam  with  n 
antennas  to  the  maximum  separation  at  by  the  four-antenoa  of  system. 


I: 
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Separation  2t)  = 1.22X,  with  which  the  error  of  separrtion  A 
iadepondent  of  the  number  of  antennas  approaches  vary  large  value  and 
effectiveness  is  aqual  to  zero,  is  maximum.  With  2b  > 1.22X  the  error 
changes  sign  and  it  decreases. 

The  ratio  of  the  raaxiaum  separation  of  antennas  for  n-antenna 
system  to  the  aaximuni  separation  of  antennas  at  by  the  foir-antenns 
of  system  falls  with  an  increase  in  the  permissible  error  of 
separat ion . 

During  the  use  of  parallel  connection  of  adjacent  intennas  for 
8-antaniia  system,  the  smallest  error  of  separation  is  obtained,  wht>n 
the  angle  between  the  parallel-connected  adjacent  antennas  j = 27.5°, 
if  we  do  not  consider  the  dissimilarity  of  antenna  resistances;  if  we 
consider  this  dissimilarity,  then  Ymu  depends  on  the  parameters  of 
con crete/s  pecif ic/act  ua 1 system, 

2.  Number  of  antennas  n (odd.  With  the  odd  number  of  antennas, 
the  right  side  of  expression  (4.46)  has  real  and  imaginary  parts.  The 
first  determines  error,  the  second  - diffuseness  of  bearing  is  equal 
to  the  ratio  of  tae  axes  of  the  ellipse  of  the  field  of  goniometer. 
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Table  4.1.  Chaca:tarlstic8  of  gonioaetcic  type  aultiiast  antenna 
aysteas. 
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1 
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1 

1 
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4 

2 

0 
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O.IS 

0.2 

0.28 

0,57 
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Ray:  (1)<  Wuabar  of  antennas  n.  (2).  Nuaber  of  field  coils  of 
gonioaeter  N.  (3).  One-half  angle  betveen  the  pair  of  axtannas 
(4).  Huaber  of  figure.  (5).  of  the  aaxiaua  pacaLssible 


separation  to  vavslangth  2b/X  with  aaxiaiia  error  or  the  aaxiaua 


, -lA  u 
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spread/scope  of  accors*  deg.  (6).  Relatian  of  ■axleua  separations  of 
n of  systee  and  at  by  the  four-antenna  of  systea  when  ^ deo. 


Page  215. 


Error  Ap  with  the  odd  nueber  of  antennas  Is  saalL  and  Is 
expressed  (4.46) 


' 2Ai 


, 1 — ‘Un  - I 

Ai 


sin  2n  0 (4..7)i 


or 


/'-■  (x'o*  f) 

r-i 

^^'•4  1 

(xcosf)j’ 

1 ^2rb  \ 

2j/,  cos  Jy 

• 1 

J 

(4.54) 


rhe  diffeseaess  of  beariag*  characterized  by  the  ratio  of  the 
axes  of  the  ellipse  of  field  in  gonioaeterr  is  designed  sith  d = 0 by 
the  foraula 


- A. 


j.l. 


sin  n'l 


2nJ, 


2Kb  f2nh 


-T‘ 


2-1/1  > 


sin  //9. 


(4.r)5i 


DOC  • 77223211 


PAGE  ^ 


The  loelDiDt  cole  with  the  odd  Daebec  of 
diffasenees  of  bearing.  It  is  detareined  froe 
the  error  in  the  :ase  even  nuaber  of  antennas 


antennas  plays  the 
the  sale  foraulas, 
(4.19)  and  (4,55). 


as 


i 

}'  ■■ 
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Piq.  4.2A.  Aatsaat  STStea  with  tha  odd  naeber  of  antennas.  Dependence 
on  S * 2»b/X. 


Page  216. 

On  PLg.  4.24,  Is  depicted  the  dependence  on  separation 

with  the  liffeceat  (by  odd  nuabec)  nuaber  of  antennas.  Aleng  the  axis 
of  abscissas,  is  deposit/ postponed  by  S s 2vb/X,  and  sL3>  the  ratio 
2b/x. 


The  odd  nuaber  of  antennas  is  not  virtually  applied  lalnly  due 


i 

i 

1 

I 

I 

i 

•? 

I 


i 


to  the  appearance  of  antenna  effects  of  systea.  The  in  principle 
ainiauB  nuaber  of  antennas  of  gonloaetcic  radio  direction  finder  is 
egual  to  three. 


DOC  • 77223211 


PAGB 


4.10.  .louatin9  errors  of  the  gonioeetric  systea  of  the  sptced 
antennas. 


Error  in  orientation  of  antennas. 


on  Pig.  4.2S,  is  represented  the  arr angenent/peraatat ion  of 
antennas  by  a four-antenna  of  system.  Direction  in  one  of  the 
antennas  (the  first)  is  displaced  in  the  angle  6 of  relatively 
initial  reference  line  OOi. 


Of  enf,  induced  in  antennas  with  tha  vertical  electric  field  E 
of  the  electroaagaetic  wave,  which  coaes  in  froa  aziauth  9 with  the 
angle  of  the  slope  of  a front  of  wave  D,  they  will  be 


Z:,=.E/ic 


/ COS  (9—1)  cot  } 


2nh 


C,  ^ E/U' 


t,  = Ell  e 


. 2«h 
' — 


C')»  I < m > 


L , — E/i  e 


n h 

tin  9 cnt  3 


where  h is  the  effective  height  of  antenna  taking  into  aroount  the 
angle  of  the  slops  of  a front  of  wave 
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Pig.  V.25.  tncorcect  orientation  of  anteana. 


Page  217. 

At  t!ie  low  value  6 of  ea£  in  the  first  anteana,  it  vlll 

. \ 

i I T*-  ♦ ^*5*  ) i — ; — aln  I ) 

/r  1'/-  • * * ' 

, — i^n  V ' 

i.e.  it  has  soppL anentar;  phase  displaceaent  # - 2vb6/A  sin 
0,  Boreover  in  vise  of  snallness  6 cos  e " 1 and  sin  e s a = 
sin  8 cos  0.  Elf  la  the  pairs  of  antennas  2-4  and  1-3  in  tha 
when  2vb/V  <<  1,  will  be 

/;,  — E,-  j2iili  cos  3 sin  0, 

Z3,,  — El  E f — f (E I)  I E ,3 ) , 

E'„  — 2E/I  cos  0 cos  ^ ^ ^ = 

=-  2r./i  -r-  cos  6 -t-  sir.  u , cos  ^ 


be 


X cos 
2»b6/X 
case 


where 
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3^13 


£"„  = ^sin  OcospZT',,. 


In  systdB  appear  the  error  aad  the  liffuseness  sf  baaring.  For 
saall  aagles  6,  the  error  is  caused  by  value  E'u,  diffusaness  - by 
value  B"  | 3.  The  calculated  bearing  a is  deteralned  by  tha  equality 


, P-i.  sin  9 

tg  « — \ 

cos  9 -f.  --  sin  9 

Bearing  error  is  designed  froa  the  foteula 


(4.r,f,) 


‘gldi=^lgia  — 0,= 


•j- (I  - cos  29) 


1 + Y sin  29 


After  equating  zero  derlvatlTe  of  eipression  (4.57t  in  teres  of 


9«  let  us  find  azinuth  Ouanc. 


when  occurs  eaxieue  error  A„anc 


2 nrcsin  -J-  90° 


*Af8KC 0. 


w 


Si 

i.- 

? ' i 

H 

I 
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Page  216. 


The  dLfCuseness  sC  the  ainiaua  is  characterized  by  the  focaula 


I' 


I 

.S'  ' 


? • 


•F  = X*i''®cosP- 


(4.58) 


Haxiau'B  value  ="pCosfi  is  obtained  at  0 * 90®.  Pcaa  for  aulas 

\ " /Matic  ^ 

(4.57)  anl  (4.58)  follows  that  if  we  restrict  error  ^mu«c  by 

value  1®»  then  ace  the  peraissible  value  of  the  angla  of  shift  of 
mtenna  4 4^  1®#  also,  in  this  case 


I 

Dissiiilacity  of  the  level  of  antenna  nounting. 


Let  tha  first  antenna  be  elevated  on  Ah  above  tha  rsaaining. 
other  errors  in  iastallation  there  are  no  antennas.  Is  oriented 
electroaagnetic  field,  noraally  polarized. 

Eof  of  ths  first  antenna  has  suppleaentary  phase  displacenent  P 
caused  by  the  facts  that  it  is  elevated: 
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tker\ 

Since  2*Ah/x  <<  1,y|Sin  e/2  « e/2  • vAh/X  cos  8 sin  p ani  ;o8  A/2  ^ 1. 

Baf  in  the  pairs  of  antennas  1->3  and  2~4  will  be 

^.i  = / (^1.  + J^'j.  Eu  = /2EA  ~ sin  0 cos  [), 

Boreover 

= 2E/;  cos  0 cosp^  1 - ^ tg  p ) 

and 

£•"„  cos  0 sill  p/;'„. 


Page  219. 


The  angle  of  bearing  a is  deterained  by  the  egualitf 


tg«^ 


J?**  t 

£7, 


•In  9 


co»  9 


'8  P) 


«(l-f  ^tgp)(gO. 


Bearing  error  on  the  basis  (4.  19)  can  be  designed  bf  the  foraula 


^~-4rtK?s'n20  o-nW  = ('^■‘^'0) 


Diffoseness  of  the  bearing 


/ A\  "6/1  . Q 


(4.01) 


s 


PAGE  4^ 
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If  the  ssparatisn  of  antennae  2b  « 10  ah  « 20  se,  fi  » 45o, 

then 

^MftKO  ” ^ 0,6®. 


Mhen  X > 30  ■ 


0,015. 


Disslnllacity  3f  \ radius  of  the  accangeaent/perautatlDa  of  antennas. 


For  the  pair  of  antennas^  this  case  is  exaeined  iato  § 4.8.  It 
hovlad  shown*  that  with  a difference  in  the  distances  of  antennas  of 
center  ab  appears  the  phase  antenna  effect  a e.  abA* 

The  phase  antenna  effect*  which  appears  of  the  pair  af  antennas* 
is  brought  in  goaloaetric  syetea  to  the  bearing  error  whose  saxisus 
value  is  calculated  by  foreula  (4.47): 

So  that  the  arror  will  be  not  sore  than  O.S*’*  distances  of 
canter  sust  bs  saintained  with  accuracy  ab/b  < 0.03S. 
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Page  220. 


Slopa/incLinatlon  of  one  of  the  antennas. 


The  first  antenna  has  slope  angle  toward  YertlcaL  line 

Slope/lncllaatioQ  can  have  any  orientation  relativa  to  the  plane 
of  the  pair  of  antenaas  1-3.  Let  us  exanine  two  lisiting  cases: 
slope/inclinatioa  in  the  plana  of  the  pair  of  antennas  1*3  and 
slope/inclination  in  the  plane#  perpendicular  to  the  plane  of  the 
pair  of  antennas  1-3, 

Let  us  deteciine  error  for  the  first  case.  Xs  orLaated  field 
with  strength  B aid  the  angle  of  polarization  y.  Slope  of  a front  of 
wave  The  effective  height  of  the  first  antenna  for  tha  recaption 
of  the  vertical  field 


/i.'-h  cos  p 

and  for  the  reception  of  the  horizontal  field,  perpendicular  to  the 
plane  of  propagation. 


sin  i|. 
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The  aaplitude  of  aaf  in  a pair  of  antennas  1-3  will  be: 

froa  the  vertical  field 

r.,  4r6/iE  , , 

c „ = — — COS*  il  COS  Y COS  fl , 

froa  the  horizontal  field 

= EA  sin  T)  sin  Y sin  0. 

He  assuae  that  enf  E'u  and  £"13  coincide  in  phase.  Then  the 
aaplitude  of  coaplete  eaf  in  a pair  1-3  we  obtain  as  sua  £*13  and  E** 

ti : 


-f  ^"1.  = cos*^  cos  Y X 

co»*  J 


The  laplitalA  of  eaf  in  a pair  of  antennas  2-4  will  be 

P ^nbliE  , 

c,,  = — ^ — cos’  p cos  Y sj  II 0. 


Page  221. 

The  reading  bf  bearing  a on  radio  direction  finder  is  deterained 


^11 

/I.. 


tin  9 

rot  9 + 1;  tin  9 ' 


by  the  expression 
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«h«re 


_ Sins  tgT 
4ii» 


-J[-  cot*  f 


Bearing  error  will  be 


( I — cot  29) 

Ig  A ^ A = (g  («  — 0)  

1 -I-  j tin  29 


The  aaxiaue  xalae  of  the  error  when  9 > 90<*  is  equal  to 


‘MtKC • 


tin  y,  ig  / 

4fi4 

cot’  f 


(4.63) 


Let  T|  = 5'’,  r * i»5®#  B » 450,  b/X  a 0.1,  then 


In  the  care  of  the  slope/inclinatioo  of  the  first  antenna  in  the 
plane,  perpendicular  to  the  plane  of  the  pair  of  antenaas  1-3,  the 
condition  for  the  reading  of  bearing  will  be 


tga  = 


tin  9 

(I  +</)cot8' 


and  bearing  error  A,„„c==7. 


(4.64) 
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In  other  cases  the  eaxinua  error  is  located  froi  a/2  to  a. 


We  assuaei  that  the  phases  of  eaf  froa  horizontal  aal  vertical 
fields  coincide.  In  reality  between  then,  there  can  be  a phase 
difference.  Then  error  decreases#  appears  the  diffuseness  of  the 
ainisas. 


Page  222. 


^ Exaained  will  be  reguiresents  for  installation  the  four-antenna 

of  gon,ioBetric  systee.  The  cooclosions  about  the  pereissible 
inaccuracies  in  the  sounting  of  antennas  approxiaately  ace  retained 
for  the  case  of  aultiaast  radio  direction  finder. 


4.  11.  SysBetrizatlon  of  diagcaa  with  the  connection  of  antennas  by 
coaxial  cable. 


In  radio  direction  finder  with  eotionless  antenna  by  systes  ace 
applied  several  antennas  - the  vertical  vibrators  or  the  Craaework. 

The  connection  of  the  syeeetrical  directional  anteaia  to  the 
asyiaetcic  input  of  radio  direction  finder,  and  also  the  connection 
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1 

of  separate  s]faa9trlcal  vibrators  to  coaaon  asysaetric  ditgras  Is 
convenient  to  realize  by  single-cable  coaxial  cable.  S3  that  in  this 
case  is  not  disrupted  the  syenetry  of  the  dlagras  of  the  lirectioaal 
antenna  of  vibrators  (did  not  appear  the  sinjle-cycle  current) « are 
applied  conversioa  transforsers  (on  long,  average  and  short  waves) 
and  the  balancin]  ce^ l/eleeents  (in  the  TBF  range)  . Besides  the 
transforsers  of  the  described  systess  into  ^4. 3 it  is  possible 
application/asa  sad  other  constructions  [4.5,  4.10]. 

Thera  is  spaciaL  interest  in  the  transfocsec  whose  bindings  are 
coiled  around  ferrite  tori.  The  cossunication/connectioa  between 
windings  Is  obtaioed  because  of  currents  (field)  in  the  shielding 
jacicet.  These  transforsers  with  coupling  coefficient,  close  to  1, 
provides  the  larga  syssetry  of  connected  to  winding  syiaetric  loading 
[4.5]. 


The  sisplsst  systess  of  balancers  are  depicted  on  Fig.  4.26. 

In  diagras  with  U-bend  (Fig.  4.26a)  to  the  end/leads  of  balanced 
networlc  are  connected  the  end/leads  of  the  suppleaentacy  cable,  which 
fores  O-bend.  The  vein/strand  of  1 coaxial  cable  oF  fesd  Is  connected 
to  one  and/lead  of  the  load,  the  sheathing  of  2 cables  is  connected 
with  the  sheathia)  of  O-bend  and  it  is  grounded.  Because  of  the  fact 
that  the  length  of  o-bend  is  selected  as  being  equal  to  K/2,  the 


I 
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phases  of  stc^ssas  on  the  end/lea3s  of  balanced  network  liffer  on 
180”  anl  slogla^ofcle  cacrent  is  absent.  If  resistance  of  balanced 
network  are  desijiated  then  for  the  agreeaest  of  loads  the  wave 
iepedance  of  coaxial  cable  oust  be  egaally  to 


Page  223. 


In  the  construction,  depicted  on  Pig.  4.26b,  the  veia/strand  of 
coaxial  cable  1 aid  sheathing  2 are  connected  to  the  end/leads  of 
syaaetric  loading.  To  sheathing  is  placed  with  saall  gap  aetallic 
beaker  (3-3)  by  Length  X/4,  opened  froe  load  and  .^Idered  to  cable 


.^Idered  to  ca 
ri^^ahle  shea 


sheathing  froi  another  side  (a'>a).  Beaker  focas  wiV^^ahle  sheathing 

the  shori'circaited  line  with  entry  inpedance  Zc,  =^/Per  tg -y  ^ 

K ^ 

also,  at  Length  / = 7 In  this  case,  the  current  froa  the 

end/lead  of  2 loads  on  cable  sheathing  is  absent  and  the  eyaaetries 
of  diagraa  is  not  disrupted. 


Page  224. 

The  liagraia  of  0*bead  and  beaker  are  aacrow-baal.  In  tba 
device,  depictad  oo  Fig.  4.26c,  vein/stcand  1 aod  the  sheathing  of  2 
cables  are  connected  to  syaaetric  loading  Z„  just  as  on  Pig.  4.26b. 
To  vein/strand  1,  is  connected  the  even  letallic  cylinder  whose 


DOC  « 77223211 


PAGE  ^ 


diaaeter  is  equal  to  the  diaaeter  of  cable  sheathing.  To  cylinder  and 
cable  sheathing,  Ls  put  on  (with  a snail  gap)  the  aetal  tube, 
soldered  to  then  In  a-a  and  b-b  and  generating  the  line, 
short'-circuited  fcon  two  sides.  Since  the  halves  of  line  8 and  B* 
have  identical  length,  wires  1 and  2 prove  to  be  equally  loaded  and 
the  syanetry  of  diagraa  is  not  disrupted.  Diagran  Fig.  4.26c  is 
wide-range  and  it  is  used  in  the  section  of  range,  ehile 
short-circuit  inpedance  is  greater  than  load  inpedance. 

On  Pig.  4.26i,  is  given  the  schenatic  of  the  aodifiei  device, 
shown  to  Pig.  4.2Sc;  it  differs  in  the  facts  that  the  halves  of  the 
short-circuited  Line  B and  B*  for  the  purpose  of  a decrease  in  the 
overall  sizes  are  bent,  with  the  novenent  of  the  supplaaentary  cross 
connection  of  short  circuit  it  is  possible  to  change  wavaleagth  with 
which  bach-out  resistor  of  line  is  equal  to  infinity. 


4.  12.  Effect  of  the  disslsilarity  of  the  paraaeters  of  the  connecting 
cables. 


Pot  tha  cornet  work  of  radio  direction  finder,  the  cables  aust 
not  change  the  asplltude  ratio  and  phases  of  eef,  the  induced  within 
the  separate  anteinas  or  fraeework.  At  the  saae  tiee,  the  pieces  of 
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cable*  serTlng  fac  the  connection  of  the  separate  antennas  and 

A. 

fraaevock  as  the  antenna  u£  the  spstes  of  radio  dicastioa  finder* 
soaetiaes  have  tha  different  paraaeters.  The  lengths  of  the  pieces  of 
cables*  as  thoroughly  they  had  not  selected*  also  can  be 
distinguished,  poc  this  reason  is  disrupted  the  nornaL  opsration  of 
the  radio  direotion  finder:  appear  the  instruaent  errors  and  the 
diffuseness  of  the  ainiaua  with  the  reading  of  bearing  ta  audition  or 
elliptioity  of  iaige  in  two-channel  visual  receiving  indicators. 

The  iissieilarities  of  wave  iapedance  and  of  the  attenuation 
of  cables  are  usually  snail  and  can  )9te  disregarded.  The 
dissiailacit ies  of  the  coefficient  of  elongation  where  t — 

the  eguivilent  dielectric  constant  of  cable*  and  geonatris  lengths 
they  lead  to  the  fact  that  are  distinguished  between  thoiaelves  the 
electrical  lengths  of  cables. 

Page  225. 

Let  us  dasigaate  the  disslailarlty  of  the  electrical  lengths  of 
the  pieces  of  tha  cable  through  A/;//,  where 


Effect  of  the  dissiailarity  of  the  electrical  lengths  of  cables  in  a 
gonioaetric  systea. 
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On  Pig.  4.27,  is  de^picted  the  eguiralent  dlsgc&a  af  systes  of 
tvo  fraaevork  (or  two  pairs  of  the  spaced  anteooas).  ia  assuse  that 
all  network  elaaeats*  with  the  exception  of  the  lengths  of  cables  of 
the  fraaework,  are  identical. 


Let  as  designate: 


=:£„cos#  and  £,  = £, sinB 


o aaf,  indui^ad  within  the  fraaework  or  pairs  of  opposite 
antenaas; 


Z,—  the  load  iapedance  of  cable  froe  antennas; 


Z„  = rn-t-Mi,  — the  load  iapedaace  of  cable  fron  reseiwar; 


ml  and  tnl-\-^mt — the  electrical  lengths  of  the  raoles,  which 
go  froB  the  pairs  of  aatennas. 


Let  us  convert  by  voltage  E|  and  resistor/cesistance  Z.  toward 
the  en,d  of  the  cable  where  is  included  the  load  of  the  raoeiver: 


^ ft  "‘I  + *•>'  '"I ' 

7,  roj  ni/ + »ln  ffi/ 

* P***  los /r/ »in  mi’ 


i 


1 

4 


(4.r,' 


Fig.  4<.27.  sqalvalant  dlagraa  of  the  gonloeetclc  systei  of  two 
f raeework. 


Page  226. 


Current  in  tue  load  of  the  cable  of  the  first  fraaeyo  k will  be 


1 


/, 


■ I ^11 


(1.07) 


FOOTNOTE  1.  In  the  case  of  the  presence  in  diagran,  lat  ui  exanine 
the  torgue/nonent  of  the  reading  of  bearing,  when  there  is  no 
reaction  of  search  coil  to  the  ducts  of  the  franework.  EIOFOOTNOTB 
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After  the  suhstitution  in  (^•67)  of  fornales  (4.63)  t ni  (4.66) 


ve  will  obtain 

. (4.r,R) 

ff  IZ«  + Z,)c<n  iiil+  i (Z„Z„  + pp  iln  »>// 

Analogoas  expreeaioa  can  be  written  foe  current  !«,  on  the  bnsia 
of  enf  B(  and  lenjtli  of  cable  — 


Let  us  exaaine  two  special  cases: 


then 


— Pgii 


/,  = g.  «Tr,T) 

/ (/?..  + ?*)•  + A'f. 


2n  " P(|ii 


then 


/ _ 

c 

^ (/?. + p+;'  + AT: 


In  both  cases#  i. e. # when  fros  any  side  of  cable#  load  iapedance 
is  equal  to  the  wive  iapedance  of  cable#  the  aaplituda  of  current  in 
load  does  not  depend  on  length  /.  The  length  of  cable  deteraines  the 
phase  of  current.  The  dissieilarity  of  the  lengths  of  tee  cables  of 
the  fraaework  in  these  cases  is  brought  only  to  the  diffuseness  of 
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tlia  ■InlaoB  (to  tte  alllpticitj  of  the  raaultlng  aagaatis  field  lo 
goaioaeter) . 


page  227. 


In  the  gaaecki  case  of  resistor /rttsi*^tBce  Z«  and  Zr  they  haaa 
coaposite  character.  By  addition  at  the  cable  of  certain  length  a can 
aake  egaiaaleat  raaistance  Z\  (a. 66)  by  purely  active  and  egnal 
to  Z„  = 5?4,.  Proa  the  course  of  antennas,  it  is  noted  .'for  3-1] 
that 


tg  2ma  =r. 


t 


— Pi'i) 


I _ ]/"  1 _ — 


I + 


^4- 


1^/?!;  -t-  A-; + - ^Ri  P-; 


+ I (Ri  + A-;;  + fp*  + 4/f^pf 


(■i.r.U) 


(4.70) 


Here  S • SB7  of  cable,  deterained  by  antenna  realstaace. 
designate  the  nee  eguivalent  length  of  cable 
the  expreesion  for  a current  in  the  load  of  the  cable  >f 
franeeork  assuaes  the  fora 


L et  us 
Proa  (4.68) 
the  first 


+ ip,>co«  ml,  4-  /(P,  SZ„)  tin  ml. 


COS  •!, 


vhere 


/' 


10 




(Zn  4-  ApV)  coi  ml,  4-  t iZn)  ilii  m/» 


(4.71) 
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or 


irJ 

Co 


•(/,  f 4-  (f*  4-  i/„)« 


« tint  Ml.  ) 


The  phase  of  current  t*io  in  load  Z„  is  deterslaed  fros  (4.71) 
by  the  expression 


(4.72) 


If  the  lengths  of  the  cables  of  both  of  the  fraaeuork  are 
identical*  then  currents  X*io  ^ l'*o  is  counted  off  tha  accurate 
bearing  •«  which  is  deterained  by  the  foraula 


tga  = y,-  — tg9  aittd  a— 0, 


(4.73) 


Due  to  the  fact  that  the  length  of  the  cable  of  tha  second 
fraaework  differs  fros  the  length  of  the  cable  of  tha  first  fraaevork 
currant  in  the  load  of  the  cable  of  tha  sacond 
fraaevork  1*20  will  change  and  it  will  stop  1*20  * i'19  * dl. 


Will  appear  the  bearing  error*  which  at  snail  waluaa  ai/l'to  has 
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guadcatic  charactir,  aod  in  accordance  with  foraula  (4.18)  its 
■aiisaa  value  is  detersined  by  the  forsola 

(4.74) 

Differentiate  of  expreesion  (i.71«)  in  teria  of  m/«  and 
after  eebdieiding  it  into  4(l*to}*.  let  us  find  the  eaxlaae  value  of 
error  (Aa)„,„c: 


, , . . I — ?■),)  (‘S’  — I )]  Am/,  sin  2w/, 

“/Miinc  - -2  (/„ coifm/r+Tfr+^M’  »ln^// 

(4.75) 


Error  is  eguil  to  xeco  independent  of  length  /,  with  rn==p<t> 
or  S « 1«  vhich  establish/inetalled  earlier. 


After  egoating  zero  derivative  (4.75)  in  teres  of  ml,,  let  us 
find  the  lost  unfavorable  length  of  cable  at  which  is  obtained 
aaxiaua  possible  error  (da)„aHc  MaMo: 


cos2w/,=i 


(>»  4*  — (tn  + />P»)* 

(f*  + Ai?n)*  + itn  4- 


(4.7G) 


After  substituting  (4.76)  in  (4.7S),  we  will  obtain 


tK  (da)„,.„r  „„.,r  - ! 2 'V3-%)  UT+ A>7r  i ^ 


Oainy  axpreasioo  (4.72),  let  us  detarsine  the  change 
phase,  produced  by  a difference  in  the  length  of  the  pair 


in  the 
of  cables 
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Of  on*  of  the  fraa««OEk  of  Am/,: 

^ 4~  Sf^)  (ft  + Stn)  

^^(^11  + (p«  +S/n)*  tin'm/,' 

Baiiaon  vala*  (A<p)m«hc  i*  obtalaod  »k«B  ml,=^{2/i  -\- 1)  ^ and 

It  is  equal 

Page  229. 

The  alliptizLty  of  eagnetic  field  in  goaioeeter  (oc  the  iaage  of 
bearing  on  the  cathode'>ray  tube  of  the  tao-chanael  radio  direction 
finder),  which  is  caused  by  a phase  difference  (A7)„,»e,  is 
deteralned  froa  foraula  (9.23): 

■-= 

fban  or  (i.e.  S • 1) , then  fda)„a,.c  .ibhc  =0  and 

(df),,  ,1HC  Am/,  Independent  of  vnlue  dm/,. 

Host  strongly  aanifests  itself  the  dissinilarity  oC  the  lengths 
of  cables  when  0 or  ^n~oo.  For  these  cases,  taking 

into  account  that  S = A'o,  froa  the  connection  of  th>  load  of 
antenna,  we  will  obtain 
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(A«)  m»HO  MIlKC  — j I 

=0.‘)A'(!„A/«/„  or 

\ *^  / M*Kf  { 

I 

) 


*n-<> 


(1.80) 


If  If*  coasilar  that  ac*  obt«in«d  cuccaat  caaonaoce  ar  voltages 
in  antenna  circuit^  1. e.«  ^R  = oo,  or  ?a=0  (S  * ",  either  S 

« 0) , then  we  have 

Is  (^*)n»icc  M»HC=  I "“2^“  I Affl/, 

And  ' 

(4)  =4-^-^'^'^. 

' /MaHC  • 

ehera  P = 1'- , or  p^t*—  a coefficient  of  travelling  vave 
froB  the  load  of  receiver. 


Lavs  in  this  case  the  sane#  as  (4.80),  only  /Cg,  it  is 
replaced  by  P. 

Page  230. 

on  Pig  4.28  ace  depicted  designed  by  focaolas  (4.33)  at  values 
dm/,  = 0,01  and  d//(/,=0,05  the  bearing  errors  Ax  and  the  naxienn 

elliptisity  of  nagaetic  field  in  gonioaeter  i/B  depending  on  RBV  of 
the  load  of  cable  fron  receiver  or  antenna. 


ff.t  ff,2  0,3  0,<>  f,i  t,t  0,7  0,1  O.f  t 

K68 

Pig.  %.28.  Bccsct  da*  to  tt«  dissiailarlty  of  the  olsctrisal  length 
of  cables. 


Page  231. 
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FcoB  the  cacfes  Fig.  4.28  follows  that,  lialting  acror  by  valae 
1^,  it  is  possibls  to  allow  RBT  of  load  fros  0.25  to  0.75  depending 
on  tho  iissisilarL ty  of  the  lengths  of  cable. 

It  is  possible  to  show  that  the  disslsilarlty  pq,  between  the 
pales  of  feeders  Is  led  to  sgaaced  error  whose  eaxiaas  walae  0,5  ~ , 
where  — relative  valae  of  the  disslallaritr  of  the  wave 

iapedance  of  cables.  Osually  ~ they  lieit  so  that  the  sazisaa 
error  would  lie/rast  within  the  reguired  Halts.  Soaetiaee  for  the 
egaallsation  p.i.  of  cables  cable  with  high  wave  iapedaace  they  shunt 
by  snail  aaouat  of  capacitance,  selected  ezpariaentally. 

On  (4.78),  it  is  possible  to  also  calculate  phase  iieplaceaent 
of  currents,  whica  occurred  as  a result  of  the  dlssiailaci ty  of  the 
lengths  of  two  cables  in  one  pair,  only  and  they  are  related 
in  this  case  to  single  cable.  Knowing  phase  displaceaeat  of  currents 
in  a pair,  it  is  possible  on  (4.79)  to  detersine  the  caused  by  this 
phase  displaceaeat  antenna  effect.  Being  given  the  periissible 
antenna  effect  dua  to  the  effect  of  the  disslsilarlty  of  the  lengths 
of  cable  in  a pair,  is  detersined  the  persissible  saziiui 
dissiailarity  of  lengths. 

9e  will  azailne  systes  of  two  fraseworh  or  of  two  pairs  of 
antennas.  If  in  aatenna  to  systes  used  sore  than  four  aatannas,  then 
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instruaent  error  does  not  exceed  that  which  was  deslgaal  by  focaula 
(«.77|  . 


Effect  of  the  dissiallactty  of  the  electrical  lengths  of  sables  in  by 
the  circular  antaona  to  systea  with  acute/sharp  directiocil 
characteristic. 


Ve  assuae  tha  sua-and-dif fecence  aethod  of  the  reading  of 
bearing. 

211  • the  noaber  of  antennas,  which  fora  direction-fiading  group, 

E • voltage  froa  any  antenna  on  the  output  of  the  sall/eleaent 
of  addition. 

Output  potential  of  the  cell/eleeent  of  the  addition  of  eaf  R of 
the  antennas  of  subgroup  with  the  identical  lengths  of  tha  cable 

E,~CN. 


Page  232. 


Output  potential  of  the  cell/eleaent  of  the  addition  of  eaf  r of 
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the  antenaas  of  taa  subgroup  vhere  one  antenna  has  a cable  with  a 
differing  froa  others  length  of: 


£.  = £1(A^- J)  + e'^J 


£.  = £ [(V  - 1 )•  4- 1 + 2 (Af  - 1 ) cos  (&/;;/)!'«  X 

/ .rt  ,8 

* * Af  (^m/| 


With  the  reading  nf  bearing,  appear  the  bearing  error  & and  the 
ellipticity  of  iaage  A/B. 

4 

The  socrespoading  to  error  angle  on  cathode-cay  tuba  will  be 

ba  = 0,5  arc  tg  -r — r j^~rrTr  • 

“ jV  — I H-  cos  {imt) 

Beariitig  error  with  consideration  scaling  factor  4>„  = (2^,  — the 

separation  of  the  equivalent  pair  of  antennas,  whicL  replaces 
direction- finding  group)  is  deterained  by  the  fornula 

**  a 

It  is  possible  to  show  that  the  ellipticity  of  laage  is  designed  froa 
foraula  (see  § 8*7) 


A—  1)*-^  I + 2(.V  — ')C05  (Aw/)  — /V' 

~ r)~+  I +2(|V  — l)roufiw/)  + A'! 
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Lialting  arror  by  ?ala«  a $ 0.1*«  «•  obtain  for  the  paciiaslble  valua 

Awi/ < 2.0,1  3C  A//i/<0,02  (x^). 


Thus,  when  x~''  ^ requirement  Am/ <0,08,  or  A/<0.0U 
should  be  satisfied. 

Pago  233* 

Analogouslf  ire  daternieed  tolorancos  to  nannfactara  of  the 
lines  of  tine  delays  in  ta«  aatenea  coneetator. 


Effect  of  the  dlssiailarity  of  the  electrical  lengths  of  cables  in  a 
radio  direction  finder  with  the  cyclic  aaasucenent  of  phase  in  high 
frequency. 


fe  assuna  uss  by  the  circular  antenna  of  systea  with  switching 
of  antennas  for  lateraining  bearing. 

The  supplaneatary  phase  of  eaf  in  one  of  the  antennas  = 
will  lead  to  a sinusoidal  incceaent  in  the  phase  with  aapLitude 
[1.17] 

- -"r-  Aw/], 


where  N is  a aanbar  of  antennas 
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Sr«&t«8t  an  increnant  in  the  phase  C exerts 
the  slnujcid  of  an  increeent  in  the  phase  is  shifted  oa 
relative  to  the  fandaaental  sinasoid  of  a change  in  the 
the  fee  (lency  of  soaaotation*  in  this  case*  the  bearla} 
is  designed  fcoa  the  foceula 


itself  when 
lagle  on  v/2 
phase  with 

»c  cor 


n 


where  B * 2vb/x;  b - a radios  by  the  antenna  of  systee. 


Let  — 1 and  M = 12.  then  foe  liaitation 

Bust  be 


(Aw/)<~6,  (Aw/)<0.010G. 


For  detersining  the  total  instrueent  error  of  radis  lirection 
finder*  it  is  necassary  to  accuaulate  coeponent  instrueent  errors. 
Since  the  coaponent  errors  have  different  dependences  3a  aziauth  (but 
soaetiees  end  on  frequency)*  eost  it  is  correct  to  rata/astiaate  the 
average  guairatic  values  of  coaponent  errors  and  then*  assueing  that 
the  errors  are  inlependent*  to  calcnlate  total  eean  squaca  error  as 
square  root  of  the  sue  of  the  dispersions  of  coaponent  errors. 


Page  234 
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It  is  natural  that  of  radio  direction  finder  with  rotacf  intsnna  by 
systoB  the  conplete  instruaant  error  is  less  than  in  rail)  direction 
finder  uith  eotioaless  antenna  by  systen.  The  instruaent  arror  of 
stationary  radio  direction  finder  is  less  than  novable  or  ship 
(aircraft)  • 

Instruaent  arror  can  be  to  a certain  degree  taken  into  account 
by  the  calibration  of  radio  direction  finder  (see  Chapter  10). 
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Page  235, 


Chapter  5. 


EFFECT  OF  LOCALIIlf  AND  LNVIRONMEKT. 


5-1-  Character  of  the  effect  of  locality  and  enviconasat. 


As  it  was  s.iawn  saLlier,  with  the  aid  of  radio  direction  finder 
is  determined  the  orientation  of  the  equiphase  surfaces  >f 
elec t rcma j ne tic  fielJ,  emitted  by  the  oriented  radio  t cans nitter.  At 
a great  distance  from  transmitter  on  the  limited  sectiai  ?f 
orrangemenr/pacBUtation  by  the  antenna  of  the  system  of  tne  radio 
direction  finder  of  the  projection  of  equiphase  surfaces  cn  ground, 
that  are  the  concsntric  circumferences  of  a large  radius  with  centre 
at  the  point  of  ttie  location  of  transmitter,  ace  convectai  into 
straight  Lines,  p?rpendicular  to  direction  in  radio  station. 
Direction  ir  the  transmitting  radio  station,  i.e.,  line  3E  bearing. 
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is  deter  HI  inea  fron  tu^  perpendicular  from  center  by  the  antenna  of 
systerc  to  eguiphase  surface. 

Due  to  Lafluence  of  environment  with  the  antenna  of  the  system 
of  the  [a3io  diraotion  finder  of  the  projection  of  equiphase 
surfaces,  they  are  distorted,  and  then  appears  error  with  direction 
findinq.  Ihe  iistortion  of  equiphase  surfaces  and  error  they  can  be 
caused  by  the  heteroqeneity  of  soil  and  area  relief  near  by  the 
antenna  of  the  systen  of  radio  direction  finder  (transition  from 
humid  soil  to  dry,  from  sea  to  dry  land  and  so  forth).  Eucther more, 
the  different  aetallic  and  cur rent-condur t inq  installatloa s and 
ob jec t/suD jeot 3 (antennas,  the  locked  ducts,  hangars,  trees,  etc.) 
affect  the  work  of  radio  direction  finder,  since  they  craate  the 
fields  of  reradiation,  which  distort  the  orientation  of  equiphase 
surfaces  and  the  calling  errors  and  the  Jiffuseness  of  baaring.  so 
that  the  locality  and  the  local  installations  would  not  affect  the 
antenna  system  of  ground-based  radio  diraction  finder,  it  place,  so 
that  to  th?  systai  would  not  fexert  effect  the  heterogeneity  of  soil 
and  relief,  and  al  »S  O V li  o current-conducting  object/s ubjacts. 

Page  23h. 

In  spite  of  this,  the  locating  at  a great  distanca  from  radio 
direcrion  finder  (to  several  kilometers)  curr ent- cond u ct in g objects 
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(structurss,  antaana  inntalliitions,  forest  and  so  forth)  ire  createl 
in  the  sun  of  errar  with  direction  finding.  Since  the  pacameters  of 
soil,  and  also  the  character  of  the  eoission/radiatioa  af  the  distant 
environment  can  caange  depending  on  weather,  the  polarizations  of  the 
incident  wave  and  other  conditions,  effect  of  distant  earironient 
does  not  remain  tine-constant.  Errors  due  to  the  distant  anvironnent 
are  of  a randoa  ciaracter  and  cannot  be  taken  into  account  by 
calibrating  the  radio  direction  finder.  They  reduce  tha  aoerating 
accuracy  of  radio  direction  finder.  The  greater  the  separation  of 
antennas  and  is  acute/sharper  the  antenna  radiation  pattern  of  the 
system  of  radio  direction  finder,  the  lesser  the  reaota  raturn 
enitters  it  operates  on  it  and  the  lesser  the  random  errors  due  to 
the  effect  of  the  distant  environment. 


In  certain  cases,  for  example  during  the  installatioi  of  radio 
direction  findar  on  ship  or  aircraft,  it  is  not  possible  to  avoid  the 
effect  of  netallic  object/subjects;  then  they  occur  of  tie  errors, 
considerei  with  direction  finding  in  the  form  of  the  corrections, 
called  radio  bean  deviation. 


5.2.  The  shore  effect 
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If  nsac  radij  direction  finder  passes  the  shore  line,  which 
separate/libecites  sea  from  dry  land  <oi  dry  lands  fro*  saa)  , then 
with  direction  finring  are  possible  the  errors,  called  errors  due  to 
coastal  effect. 

The  theory  of  radiowave  propagation  under  these  conditions  is 
developed  by  V.  A.  Pole,  N.  A.  Leontovich,  G.  A.  Greenberg  and  Ye.  L. 
Peynberg  [5.2]. 

Usually  transition  from  sea  to  dry  land  or  vice  versa  is 
acconpanii^d  by  the  presence,  in  tho  first  place,  of  slope  of  shore 
and,  secoidly,  by  a change  in  the  electrical  patufister s of  medium 
during  tha  intersaction  of  shore  line.  Both  these  reasons  create 
errors  with  direction  finding. 

Page  237. 

Total  error  iue  to  coastal  refraction  or  the  coastal  effect 

Q Qp4-  an, 

Where  op  is  iue  to  the  inequality  of  surface  (slope),  on  ~ 

disB imllar ity  of  the  electrical  paraaeters  of  soil  on  both  sides  from 

shore  line. 


In  *‘he  mathaii  at  icril  analysi:^  of  the  theory  of  coastal 
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refraction,  ace  utilized  comijlex  buHcy  conclusions.  Lat  js  give  only 
obtained  results  f 1.3,  5.2,  5,5], 


Effect  of  the  heterogeneity  of  soil. 


Let  at  point  O (Fig-  5.1)  above  sea  is  be  locate!  ths  eaittec, 
and  at  point  C above  lace  • radio  direction  finder,  Lat  us  connect 
points  0 and  C ail  direct  axis  ox  of  coordinate  systen  along  line  OC. 
Let  us  designate:  g - distance  from  emitter  to  radio  iiraction 
finder;  is  a oath  length  above  the  real;  € is  a distance  from  C 

to  shore  line  on  oerpen  iicular  to  shore  line;  0 - the  angle  of 
incidence  in  the  vave  on  shore  line;  e and  • are  the  paraieters  of 
dry  lanJ  ( ? - ths  ■ od u le/modulus  of  cosposite  dielectric  constant,  o 
- cond ucti  vity) . 
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Ele-tcoia jnst ic  field  along  the  surface  of  propagation  (dry  land 
or  seas)  is  characterized  by  the  function  of  weakening  K,  which  is 
the  complax  quantity*  which  depends  on  the  paraaeters  of  the  aediua* 
above  which  is  propagated  the  wave.  The  aodule/aodulus  of  this  value 
characterizes  tha  decrease  of  the  amplitude  of  the  strength  of  field 
with  distance,  the  argument  of  the  function  of  weakening  ieteiaines 
the  suppla mentary  phase  of  wave  relative  to  the  phase  in  free  space 
(2w/X  r) . 

If  an  increment  in  the  phase  after  the  intersection  with  the 
wave  of  the  line  of  shore  was  constant*  not  depending  on  direction  of 
propagation,  then  the  lines  of  equal  phases  would  be  ciccunference 
with  ccntsr  at  point  0 of  the  location  of  the  emitter  (dotted  line 
C»  C*»  on  Fig.  5.1).,  The  radio  bearing,  wJiich  is  determined  from 
perpendicular  Cn*  to  the  line  of  equal  phases*  would  coiacide  with 
direction  in  radio  transmitter. 

It  is  Known  that  the  wave  front*  wl*ich  is  propagated  above  the 
ideally  conductiig  surface  (by  sea),  is  perpendicular  to  this 
surface.  Above  tha  serai-condutrting  earth/ground  the  wavs  front  of 
interfdca  it  is  sloped  forward  the  greater,  the  lesser  tha  ground 
conductivity.  At  a height  of  several  wavaleugths  the  distortion  of 


i •' 


■ f 


wave  front  disappaar  and  it  coincides  with  the  sphere,  wh'ch  has 
center  at  the  point  of  the  location  of  enittec.  Durinj  tna  transition 
of  the  wave  through  the  shore  line,  which  divides  aediuss  with 
different  conductivity  <sea  and  dry  land)*  the  wave  front  of  surface 
nust  undergo  change  from  the  nornal  to  inclined.  Siaultanaously  with 
this  occurs  an  increment  in  the  supplementary  phase  of  th»  function 
of  weakening. 


During  raliowave  propagation  perpendicular  to  shore  line  slope 
deviation  in  the  wave  front  and  an  increment  in  the  suppL a meat  ary 
phase  occurs  simultaneously  on  all  sectors  of  the  front  of  wave;  tha 
direction  of  tae  Line  of  the  equal  phases  C*C"  will  not  change.  If 
wave  intersects  shore  line  at  certain  angle  of  then  the 

individual  sectiois  of  wave  front  pass  from  sea  to  dry  land  not 
simultaneously  and  an  increment  in  the  phase  in  diffarait  sectors  of 
the  front  of  wava  occurs  also  not  simultaneously,  but  with  the 
intersection  by  it  of  shore  line. 


J 
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Page  239. 


As  a result  of  this  the  line  of  the  identical  phases  is  llstcrted  and 
assumes  tae  form  of  solid  line  C'gC*’  , (Fig.  5.1).  Perpeni  icular  Cn 
to  the  line  of  ilantical  phases  does  not  coincide  with  direction  in 
transmitter.  Appears  bearing  error  depending  on  tha  direction  of 
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the  motion  of  wava  of  relatively  shore  line  B* B",  Mava  saaningly 

undergone  refraction  - its  path  seemingly  stops  OB^C.  During  the 

further  advance  of  wave  with  the  establishment  of  the  necessary 

slope/inclination  of  the  electric  field  above  the  earth/ground, 

occurs  phase  comoansation  in  all  sectors  of  the  front  anl  gradually 

is  restored  the  direction  of  the  line  of  equal  phases,  par  pend iculac 

to  the  straight  line  oc.  Thus,  on  certain  distance  from  shore  line 

disappers . 

the  error  of  coastal  refraction^ 

Study  of  coastal  refraction  showed  that  the  errors  of  coastal 

refraction  is  detected  while  direction  finder  is  located  from  shore 
line  at  a distance,  much  smaller  than  o,3lS>.le!. 

Furthermore,  as  this  follows  from  that  which  was  prssented,  the 
error  in  question  must  not  be  observed  with  climb  of  sevaral 
wavelengt  h s. 

In  [5.2]  obtained  common  expression  for  an  error  froi  coastal 
refraction  under  the  following  assumptions:  plane  wave  intersects  th 
rectilinear  coastal  feature  of  infinite  length;  on  boti  sides  from 
this  line  of  medium,  have  the  different  parameters,  the  transition 
from  one  parameter  to  another  occurring  smoothly;  the  wilth  of 
transient  7one  is  small  in  comparison  with  wavelength. 


Is  derive!  a series  of  formulas  for  special  cases 
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For  the  case  when  radio  direction  finder  is  located  oa  dCf  land  far 
beyond  the  liaits  of  transient  zone  and  transaission  orcics  froo  sea, 
is  obtained  forauLa 


where 


•no 


c - the  speed  of  light. 

Minus  sign  bafore  the  foriaula  designates^  that  th»  Jirection  of 
propagation  after  the  intersection  of  shore  line  approaches  a 
standard.  If  we  interchange  the  position  radio  transiitter  and 
direction  finder,  than  error  will  becoae  positive. 

Piguras  5.2  gives  nomogran  for  calculation  for  distances 
ftoai  shore  line  according  to  perpendicular  to  it,  equal  to  E = X/3,  € 
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- X and  f - 5X  for  two  waves  300  and  600  n and  foe  three  varieties  of 
soils.  Tha  pacaieteis  of  soil  in  this  figure  are  designated  in  unity 
CGSE.  Being  given  angle  of  incidence  0 and  ratio  r/5,  an  the 
left-hanrtad  curves  finds  the  point,  from  which  it  is  neressary  to 
conduct  the  horizintal  line  to  intersection  froa  one  of  the  vertical 
lines  on  which  is  counted  off  the  error. 

The  comparison  of  those  who  were  obtained  up  to  the  levelopment 
of  the  theory  of  the  experiiaental  observed  data  of  the  ercoLs  of 
coastal  effect  and  theory  as  a result  of  the  absence  of  tie 
comprehensive  iati  on  measuring  conditions  is  difficult.  3 ne  should, 
however,  note  that  the  sign  and  the  order  of  magnitude  of  t'.ie 
observed  errors  will  agree  well  with  theory. 
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shorter  than  marine,  then  anyular  error  is  less  with  direction 
finding  from  the  ship,  than  with  direction  finding  froi  ssore. 
Depending  on  angla  of  incidence,  the  error  nu  has  approrleataly 
seai-circj lar  natare  with  2ero  along  perpendicular  to  shore  line. 


The  errors,  analogous  to  coastal  refraction,  caa  be,  also,  when 
on  path  of  ootioa  wave  does  not  intersect  shore  line,  but  ther^  are 
heterogeneities  of  the  electrical  parameters  or  teliaf  of  soil. 

In vestigaticns  show  that  the  small  heterogeneities  of  soil  do  not 
manifest  themselvas  by  noticeable  shape,  if  observations  ace 
conducted  outside  the  range  of  the  dis^-ortion  of  the  phase  response 
of  field,  and  they  can  lead  to  the  considerable  disturbances  of  the 
character  of  field  and  the  bearing  errors  in  the  ranges,  included  by 
these  Ji.^t  ortions. 


The  alectcical  parameters  of  soil  change  with  a chaige  in  the 
atmospheric  conditions.  Therefore  the  errors,  caused  by  the 
heterogeneity  of  the  parameters  of  soil,  do  not  remain  t i i e-constar.t 
and  cannot  be  considered  them  during  the  operation  of  radio  direction 
finder  by  the  pre-chect  of  radio  direction  finder,  Tna  value  of  these 
errors  must  be  restricted  by  appropriate  selection  of  place  for  the 
installation  of  radio  direction  finder.  Before  its  installation  it  is 
necessary  to  investigate  the  parameters  of  soil  of  area  oy  a radius. 


by  the  approximately  egual  to  ^/l-^  maximum  wavelengths  >f  direction 
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findinqr  irouni  site  of  installation  by  the  antenna  of  the  systew  of 
radio  direction  finder.  Site  of  installation  can  be  considered 
satisfactory,  if  the  spread  of  ground  conductivity  within  the  liaits 
of  the  mentioned  area  is  snail. 

Is  experimentally  cstablisa/i nsta lied  the  linear  dependence 
between  the  fluctuations  nf  earth  conductivity  and  the  mean  error  of 
spaced-antonna  direction  finder.  During  the  fluctuations  of  specific 
conductivity  1- a in  a radius  100-120  m,  the  maximum  beating  error  on 
short  waves  has  value  +1°. 

separately  ijst  be  checked  ground  conductivity  ILrectly  in  the 
sites  of  installation  of  masts,  since  the  dissimilarity  of  soil  under 
masts  causes  the  dissimilarity  of  the  elacttical  paraaetecs  o>f  the 
antennas  and  instrument  errors  at  direction  finding. 

Page  2ii2. 

The  matalL ization  of  soil  in  site  of  installation  by  the  antenna  of 
system  of  radio  direction  finder.  Reamer  by  means  of  the  Laying  of 
wire  gauze  (see  § 0-?),  it  leads  to  the  fact  that  the  dissimilarity 
of  ground  conductivity  under  grid  manifests  itself  to  much  smaller 
degree. 


DOC  » 77223212 


PACE 


4-3  ^ 


Effect  of  the  inejuality  of  soil. 


It  is  dSaUBdl,  that  alon^  rectilinear  shore  of  infinite 

length  is  a slope  with  constant  ’rate  of  rise. 

Let  us  designate:  >0  - the  rate  of  rise  of  slops  in  its  central 
part;  ^ sxtent  of  slope;  Co  ~ maximuBi  value  of  lift;  € is  a 

distance  on  pacpaadicular  to  shore  line  from  ooservation  point  to 
shore  line,  fcoa  observation  point  to  the  shore  line  where  the  slope 
begins;  S has  minus  sign,  if  observation  point  is  located  in  front  of 
slope  (at  sea),  aid  plus  sign,  if  observation  point  is  lotatei  behind 
slope  (on  the  shore). 

On  Fig.  5.3,  is  represented  the  section  by  the  vertical  plane  of 
the  medium  above  which  are  propagated  the  radio  waves,  intersecting 
shore  line. 

Figures  5.4  gives  the  curve/graphs  of  the  maxinuii  errors  of 
diriction  finding  (into  rad),  which  are  obtained,  when  wave 

intersects  the  slope,  which  is  pulled  along  the  rectilinear  coastal 
feature  of  infinite  length.  Errors  are  given  depending  oi  6 for  the 
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different  me#  for  the  case 


Pig.  5.3.  Airf ail/praf ile  of  ■ediua  during  the  intersection  of  shore 
line. 

Key;  (1).  Air.  (2).  Shore  line.  {3).  Dry  land.  (4).  saa. 

Page  243. 

Fioa  the  curves  Fig.  5.4  it  is  evident  that  at  equidistance  fron 
xope  the  error  when  direction  finder  is  located  in  front  of  slope  at 
sea  (B^  nagative) , is  approximately  tvo  tines  nore  than  when 
direction  finder  is  located  behind  slope  on  dry  land  (n(  positive). 

For  exanple,  with  distance  5 = X/2»r  0 = 45®  and  = 0.2  = 12® 
error  of  a,,  = 2-3®  in  front  of  slope  and  a,,  = 1-1.5®  under  the  sane 
conditions  is  bealnd  of  slope.  Error  increases  with  an  increase  of 
the  wavelength  and  depending  on  0 has  quadratic  character  for  mf:  > 
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-1.5;  for  mC  < -1.5  dep-jndence  of  error  on  0 becomes  lace  complex 
(Fig.  5,4)  , 

> 

It  is  exper iaentall j • itablish/installed  that  the  accocs  of 
coastal  effect  Boat  powerfully  are  developed  of  the  waves  with  a 
length  of  500-1033  n.  On  the  waves,  greater  than  3000  o,  they  are 
less  than  1“.  3n  wave  500  tn  in  several  meters  of  shore,  is  observed 
the  error  at  9 = 70°  into  3-4°.  During  the  elongation  of  wave  from 
500  to  2630  m the  error  decreases  from  3.2°  to  1.4°.  3n  the  short 
waves  of  arror  from  coastal  effect,  they  decrease,  but  thay  are  not 
systeaatized , on  7HP  there  are  not. 

Caloulationa  and  practical  data  show  that  the  radio  bearing, 
which  undergoes  coastal  effect,  is  sufficiently  flowed,  if 
electromagnetic  wave  intersects  shore  at  an  angle,  greater  than  20° 
(F  ^ 70°),  anl  if  distance  A',,  on  the  path  of  propagation  from  shore 
line  to  direction  finder  is  more  than  one  or  several  waves. 
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Pig.  5.4.  Errors  of  relief. 

I 

1 , 

I A 

! Pa  ge  2 4 4 . 

• 1 

For  coastal  radio  beacons  and  radio  direction  finders  on  charts, 

I 

! they  usually  note  the  zone  of  reliable  direction  finding,  within 

: linits  of  which  it  is  possible  to  rely  on  a saall  manifestation  of 

coastal  effects. 


5.3.  Effect  of  tha  adjacent  object/subjects  on  radio  direction 


E-- 

r 


finder 
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Eftoat  on  tla3  direction  findinij  of  tho  aetallic  objes 
of  those  located  near  by  the  antenna  of  the  s/stea  of  cadi 
finder,  manifests  itself  in  the  fact  that  can  appear  the  b 
errors  and  sooetiaes  diffuseness  in  its  reading  (blurring 
of  audibility  in  auditory  radio  direction  finder,  appeacan 
cathode-ray  tube  of  the  teo-channel  autonatic  direction  fl 
ellipse  instead  of  the  line  and  so  forth). 

Is  explained  tnis  as  follows.  The  incoming  electcoftag 
induces  emf  in  the  metallic  ob ject/sub jeots,  located  near 
antenna  of  the  system  of  radio  direction  finder.  These  emf 
in  metallic  ob jeot/sub jects,  the  currents  which  form  thaic 
electromagnetic  fields,  called  the  fields  of  reradiation, 
operate  on  the  antenna  system  of  radio  direction  finder  to 
ground  field  of  tcansnitter- 

The  emf  induced  with  the  field  of  return  emitter,  it 
to  decompose  on  two  components  - that  cophasal  with  eif,  I 
ground  field,  and  differing  from  it  in  phase  in  »/2.  The  f 
them  creates  error  with  direction  finding,  the  second  caus 
essence  the  diffuseness  of  reading.  Emf  from  the  field  of 


t/sub jects 
o direction 
earing 
the  miniaum 
ce  on  the 
nder  of 

netic  wave 
by  t he 
•s  create 

The  latter 
gather  with 

is  possible 
nduced  with 
irst  of 
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reradiation,  whin  is  characterized  by  in  phase  in  »/2  froa  eaf  cf 
ground  field,  it  is  possible  to  coapensate  for  the  saaa  laans  which 
are  applied  for  the  compensation  for  eaf  from  antenna  effect,  which 
differs  in  phase  in  »/2  from  emf  of  the  directed  systea  (§  4,3).  If 
this  coapensation  is  realized,  then  reaains  the  action  only  of  one 
field  component  of  reradiation,  cophasal  with  ground  field  and  which 
creates  only  error  with  direction  finding. 

Page  245. 

If  ia  fraae  radio  direction  finder  for  deteraining  one-sided 
bearing  (side  of  radio  station)  is  utilized  the  superposition  aethod 
of  the  diagram  of  the  reception/proced  ura  of  the  oanid  Lraotional 
antenna  on  the  diagram  of  the  reception/procedure  of  the  framework, 
then  the  field  of  reradiation  can  lead  to  the  incorrect  reading  of 
side.  The  reason  for  this  consists  in  the  fact  that  in  the  near  zone 
of  reradiation  is  disrupted  phase  relationship  of  magnetic  component 
of  electromagnetic  field,  which  operates  on  the  fraaework,  and  by  the 
electrical  coaponant,  which  operates  on  antenna. 

Let  us  examine  in  more  detail  the  action  of  the  field  of 
reradiation  on  radio  direction  finder  with  cosinusoidal  directional 
characteristic.  Por  simplicity  we  assume  that  as  by  the  antenna  of 
system  is  used  th»  rotatable  loop  or  the  pair  of  the  spaced  antennas 


DOC  = 77223212 


PAGE  ^ Lj^  I 


(Fig.  5.  5) . 

To  the  cotatible  loop  of  radio  direction  finders  with  effective 
height  hp  at  an  angle  p the  initial  refarence  line  33,  approaches 
the  electcoaagnetic  wave  of  transsitter  (ground  field)!  with  intensity 
E and  with  normal  polarization  (vector  E in  the  vertical  plane  of 
propagation)  • \ 

! 

The  phase  of  field  let  us  count  off  relative  to  point  R.  At 
point  A at  an  angle  •)>  to  initial  reference  line  at  a distance  d 
froB  the  center  of  the  framework,  is  located  return  aaittar  with 
effective  height  by  resistor/resistance  Zon  = ZonC"^’’  by 

directional  charastar istic  P (Oq,  6),  whare  9o  is  an  aigla  of  the 
direction  of  the  maximum  of  radiation  pattern  of  return  aaittar  with 
initial  reference  line,  that  characterizas  the  ocientatioi  of  return 
emitter,  9 - the  angle  of  any  direction  in  guestion  with  the 
direction  of  initial  reference  line.  Wc  assume  that  the  angle  of  the 
slope  of  a front  of  wave  0=0. 

In  return  emitter  it  is  induced  by  amf 
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I AP-P$>dp-CtS(f'Pl] 

\e 

Pig  5.;5.  Actioa  :>£.  rsturn  emitter. 

Key:  (1).  diffacence  in  the  path. 

Page  246. 


In  expression  for  directional  characteristic  instead  of  the  angle  9 


DOC  = 77223212 


PAGE  ^ 


is  introduced  the  angle  'f'o  = /’  — t between  directions  in  the  oriented 
radio  station  and  in  return  eaittac  frow  the  location  of  the 
framework  of  radio  direction  tinder;  a phase  difference  tg  is  caused 
by  the  character  of  eaitter  (locked,  extended),  by  the  location  of 
return  emitter  ralatively  by  the  antenna  of  the  systea  of  radio 
direction  finder  and  by  direction  of  propagation^ 

When  ground  field  has  direction  of  propagation  p = 'i»  ♦ */2,  then 
a phase  difference  *2  ~ *20  depends  only  on  the  character  of  return 
eaitter. 

For  any  direction  p * »/2  (Fig.  5,5) 

<p,  = ^rf  cos 

where  d = AP  is  a distance  between  the  return  eaitter  and  the  antenna 
the  system  of  radio  direction  finder. 

Current  in  return  emitter  >. 

/ Enn  _ E Aon^  (9*,  f 

* on  — -9  ' " ““  * OM  m 

^cn  •oil 

FOOTNOTE  In  tn^  case  of  nonunifora  distribution  of  current  along 
return  emitter  A...  Zo*.  and  /,,  they  are  related  to  Baxiraum 

current  in  return  eaitter..  ENDFOOTNOTE. 
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Rpturn  enittar  croates  in  the  location  of  the  friienork  of  radio 
direction  finiar  its  field  of  reradiation*  we  assuae  that  with  the 
nornal  polarization 

the  supplenentary  phase  #3  depends  on  the  aligasent  of  tha  return 
emitter  and  framework  of  radio  direction  finder  and  on  the  character 
of  return  emitter.  If  d < < X,*  than  #3  = #30  is  detecilial  by  the 
character  of  return  emitter. 

For  any  direction  whether  large  d (Fig.  5.5) 


Page  247. 


We  can  write  for  an  electrical  component  electromagnetic  field 
of  the  return  emitter 

Eon  = Eon  m e*’  = Eoii  m COS  f + /Eo,  m Sin  ? = E'ou  + /E'  oil. 

(3.2) 


where  Eo«m  = kE; 
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•ih,nF{t„  i.)f  (»,.  4). 

*.»  ’ 

i>==9.4-?,  + t,. 


(5.3) 

(5.4) 


Fiel3  coapoiint  of  return  emifter,  cophasal  vith 
transmitter,  will  be 

E'ou  = k E cos  f.  (5.5) 


FielJ  cospourit  of  return  emitter,  which  differs 
from  the  field  of  transiitter,  is  expressed 

E^it^kEsin?.  (5.6) 

The  first  coiponent  is  led  to  bsariag  error,  the 
component  causes  aainly  diffuseness  in  tne  reading  of 
= 0 or  0 = »r  oocucs  the  maximum  of  error- 

For  research  on  the  effect  of  return  •"■.ittet,  it 
determine  its  field  Eom  i.  e.  to  find  values  of  k and 

(5.4)  ]. 

coefficient  k depends  on  form  and  the  alignment 


the  field  of 


in  phase  on  w/2 

second 

bearing,  kith  > 

is  accessary  to 
a [see  (5.3)  and 

of  return 
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eiitter,  ml  also  or.  the  ratio  of  its  natural  frequency  to  the 
frequency  of  tcansaitter.  Phat.fe  depends  on  the  chacactac  of  eaittec 
and  its  rasistor/r esistance,  determined  by  the  ratio  of  tie  natural 
frequency  of  emitter  to  the  frequency  of  direction  finding  (component 
phases  ♦ *30)*  also  on  the  mutual  location  of  retur^..^- 


eaitter  and  by  tha  antenna  of  the  system  of  radio  diraction  finder 
(♦2  ♦ ®3  “ ^20  ~ *Jo)-  This  phase  difference  is  equal  to  2»d/\.  (1  ♦ 
cos  -iJ/q)  . 


Page  248, 


If  around  by  the  antenna  of  the  system  of  radio  dirsotion  finder 
are  several  ratuen  emitters,  then  for  determining  their  action  it  is 
necessary  for  the  location  of  the  directional  antenna  of  radio 
direction  finder  to  accumulate  the  fields  of  all  return  emitters 
taking  into  account  their  mutual  phases. 


Since  the  phases  of  the  fields  of  emitters  in  tha  gaaeral  case 
depend  on  the  dicaction  of  the  arrival  of  ground  field,  to  store/add 
up  the  fields  of  return  emitters  is  necessary  for  each  separate 
direction.  According  to  the  characteristics  of  the  total  field  of  all 
return  emitters  for  each  direction,  are  designed  the  error  and  the 
diffusenes.s  of  bearing. 
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Let  us  find  sxpression  for  a bearinij  error  in  the  gaaerai  case. 

Let  the  standard  to  the  plane  of  the  framework  fora  arijla  9 with 

initial  reference  line.  If  in  radio  direction  finder  is  lot  provided 

the  compensation  Cor  antenna  effects,  then  within  the  fraaework  of 

radio  direction  finder  it  is  induced  by  ecf 

£p  = EA,,  (sin  (/J  — 0)  + k cos  f sin  («>  — '))  4- 

-|- / k sin  f sin  ('^1  -8)).  (5.7) 

The  amplitude  of  stress  Ep  is  doterained  by  the  foraula 

£,= 

= )/'(sin  (/?— 6) -f  k cos ? sin (+—0))*  + [k sin f sin  ( ^-0))*  EA,,. 

(5.8) 

Emf  within  the  fritework  is  equal  to  zero  not  at  which  values  of 
angle  9.  Bearing  is  counted  off  on  the  minimum  of  audibility.  For 
determining  the  value  of  bearing  o = q with  which  occurs  the  minimuii 
of  the  audibility  of  radio  station,  one  should  equate  zero  derivative 

rf£p‘ 
di  • 

Instead  of  £,.  we  examine  the  expression,  pcoportioaal 

6’=  l^lsin  (p—9)  +k  cos  f sin  (•)»— '>))•  -|-  [k  sin  f sin  (+—6))’ 

(5.9) 

or 

G'  = sin’  {p  — 0)  -f-  k*  sin’  (>>  — 6)  + 

-)-2kcosfsin(/7  — 9)sin('j'  — 6).  (5.10) 

Page  249. 

Let  us  equate  zero  derivative  of  3*  in  terms  of  9 and  is 
simultaneously  considered,  what  on  the  minimum  9 = qand?-9  = p- 
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q - f is  a corcestion  to  radio  bearing  *, 


k'J . 


s=2  sin  f cos  f 4-2k*  sin  (<)»  — p + /)  cos  (|  — p + H + 


+ 2k  cos  f sin  / cos  (■)»  — />  + f)  -f- 
+ 2k  cos  ^ cos  / sin  ('ll  — p -t-  /)  — 0. 


‘ ^ fi 


whence  correctioa  to  bearing  £ is  deterained  by  the  atpcession 


*_nt  2k cot  T «ln  + k* «ln  2f.  fS.lU 

— 1 -(-2kcotTCo»4’. + k‘co»2+,  ■ 


k. 


i 

j 


s 


FOOTNOTE  With  sxaaination  of  the  effect  of  return  emitters,  we 
speak  about  corrsttion  to  beating,  as  is  custoaeiry  in  the  theory  of 
deviation,  Rearing  error  has  a sign,  reverse/inverse  to  the  sign  of 
correction.  Subsaguently  for  the  calculation  of  errors,  W3  use  the 
formulas,  obtainDl  for  corrections,  ENDFDOTNOTE. 


Aii;jl3  y at  wsich  is  counted  off  the  bearing,  is  detsc  mined  oy 
the  formula 

„ tin  7p  + 2k cot  f tin  (;>  4-  »)  + k»  tin  2» 

'8  ^ cos  2p  + 2k  cos  f cot  + t)  + k*  cos  2V ' 


At  the  low  value  of  k,  the  correction  will  be 

/ » tg  f = k sin  t,  Cos  f . (5.12) 

When  k > > 1,  is  oriented  actually  return  eaitter.  The 
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calculatei  bearinj  independent  of  a change  in  the  angle  of  radio 
station  p reaains  constant  and  egual  to  Bearing  iafiitioa 

f = P~  '^  = '1'.. 

When  )c  = 1(  deviation  froa  expression  (S.11)  is  obtained  eqaal 
by  f = 'fo/2  or  f = w/2  * q/2. 

Fortiiuias  (5.11)  and  (5„  12)  are  used  also  for  goniometric  and 
tvo-channel  systeas. 

irom  expression  (5.12)  it  follows  that  if  the  phase  of  field  of 
return  emitter  * artificially  is  changed  froB  0 to  2r,  then  bearing 
error  varies  froa  maxiaiUB  positive  to  maxiniun  negative  value. 

Page  250. 

Therefore  the  designed  during  this  artificial  change  in  the  phase 
difference  * average/raean  bearing  has  an  error  the  lesser,  than  more 
frequent  they  ara  taken  readings  and  than  less  X. 

The  imnositran  of  the  images  of  bearings  on  the  cathode-ray  tube 
of  two-c!iinnel  automatic  or  single-channel  with  the  revolving 
goniometer  radio  iirection  finder  during  special  change  from  0 to  2ir 
of  the  r?lative  paases  of  fields  of  fundamental  and  retaliations 
makes  it  possible  to  recognize  at  mu  1 ti pi e- pronged  field  Dealings  for 
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separate*  eaission*'radiations  [5.15,  10.4],  is  explained  this  by 

follo«iny.  In  two- channel  radio  direction  finder  with  direction 
finding  two-  and  of  triradial  field,  the  ellipses  of  the  iaiages  of 
separata  bearings  during  an  artificial  change  in  phase  relationship 
of  fields  fora  par allelograa  or  the  parallelepiped  whose  sides 
corresponi  to  bearings  to  separate  field  coaponent.  In  single-channel 
radio  direction  finder  with  the  revolving  goniometer,  the  total 
output  potentials  of  receiver  during  a change  in  the  relstive  phase 
difference  of  fisLds  from  0 to  In  have  the  nonaoved  ainiauas,  which 
deteraine  hearings  to  field  component. 


iJtilir.ing  this  property,  in  VHP  range  it  is  possible  to  achieve 
a decrease  in  the  errors  froa  return  eait ters,  revolving  sntenna 
system  with  cosinusoidal  directional  characteristic  in  circumference 
with  the  radius,  sgual  to  wavelength  or  large  it,  and  counting  off 
averaged  bearing  C5-  13].  In  the  range  of  short  waves,  it  is  suggested 
to  obtain  the  images  of  bearings  simultaneously  in  the  fields  of 
fundamental  and  return  emitters  by  a ppl ica tion/use  savsral  spread  in 
the  distance,  conensurahle  with  wavelength,  automatic  two-channel 
radio  direction  finders.  These  radio  direction  finders  have  the 
common/general/total  indicator  cathode-ray  tube  on  whicn  is  obtained 
the  paralL g1 ograj , which  characterizes  the  directions  of  both  fields 
[ 10.  u ]. 


C 

i 
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When  a phase  difforence  » = 0®  or  ♦ = 


that 


ioOi  ^ ±2k*in*,4-h»»Ji«2*. 

1 +k*coi2+.  ± 2ltioi4., 


froa  (5.11)  follows 


or 


tg/  = 


4-  h tin 
I ±kcoi*,  * 


(5.13) 


Page  251. 

Sign  t*)  -orrespands  to  a phase  difference  0®,  sign  (-)  corresponds 
to  a phase  diffecence  *. 

If  we  into  formula  (5.12)  substitute  ''jo  “ 9 ♦ ^ then  we 

will  obtain 

sin/s=k$m(g~<)>)cosf,  (5.14) 

where  q is  a radio-course  angle  (counted  off  bearing). 

Formula  (5.14)  can  be  obtained  directly  from  condition  for  the 
reading  of  the  bearing: 

(E  sin  (p  - 6)  + E'o.  sin  (+  - 0))  Ap  = 0.  (5.1 5) 

For  # » 0 aid  * » 1 naxinuB  value  of  error  occurs  when  cos  (p  - aj;)) 
= k,  i,  e.  , p - " V'o  Si 

I f 0 = w/2,  from  bearing  t^ot  on  the  basis  of  fornuLa  (5.11) 
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will  be 

In  this  case  the  ■axiauo  of  the  error  is  obtained  with  oos  2^a  - 

or  ^ 

I/mikoI  ~ 4 

Haxiium  deviition  for  k < 1 has  auch  saallec  valae  when#  = w/2, 
than  with  « = 0 or  <»  = n. 

Page  252, 

Ths  axanlaei  cases  of  constant  phase  displaceaent  a * 0,  * ~ w/2 
and  « = r indepenletit  of  direction  p are  possible,  if  d/i**  < < 1, 
i.e.,  irainly  oa  av ccagc/aiean  and  long  waves.  Phase  displi : enent  * ~ 0 
corresponls  also  to  the  presence  in  the  radio  direction  finder  of 
elements  of  the  compensation  for  antenna  effects. 

In  the  general  case  the  expression  for  the  diffusaiess  of  the 
ainimum  of  A/B  (calatioii  of  the  semi-axes  of  the  ellipse  of  the  field 
of  goniometer  or  the  ellipse  of  the  inage  of  bearing  on  the 
cathode-ray  tube  of  two-channel  radio  direction  finder)  is  bulky. 
tlhen''|*o  = 90°,  i.e.,  direction  in  return  emitter  conposos  90°  with 
direction  in  radio  station,  then  of  (5.7)  we  will  obtain 


■'  ' s 

■;  I (I 
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,j/i:^_||^i-|-2k’cos2f  + ii‘.  (5.18) 


In  tha  caso  of  k < 1 


A It  iln  y tin 

TT  r+Skcottcoi^a  ’ 


when  ♦ = »/2 


-^=k8in<l»,. 


with  transition  fron  cosinusoidal  antenna  radiation  pattern  o£ 


the  system  of  the  radio  direction  finder  to  of  acute/saacpec  error 


due  to  the  effect  of  the  fields  of  reradiation  they  decrease.  This 


decrease  the  greater,  the  acute/sharper  the  radiation  pattern,  i.e.. 


is  more  the  separation  of  antennas. 


Page  253. 


if  the  separation  between  antennas  2b  such,  that  it  cannot  be  counted 


2»b/X  < < 1 and  direction  finding  is  con.ducted  on  tha  lialmun,  then 


bearing  error  at  any  value  ♦ is  deteruined  from  the  equality 


sin  sin  k cos  y sin  [Hj?  sin  (+,  + /)  j = 0 


or  approximately,  at  the  low  values  of  f. 


T . J I! 


VT.-.-A.t" 
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k co<  f ilo  { ■)[“*ln 
753 — n- 

-J-  p + k cot fcot ♦,  cot  f -y-  tin  ♦,j 


With  ♦ = 0 or  # * » 


i k tin  tlnl>,'\ 

sin/^/  = 5Srf ,2«k  "Yj- 

I ± k cot  +»  cot  ( tin  *,11 


Sign  (♦‘I  in  (5-19*)  corresponds  to  a phase  diffarsnse  between  E 


and  Eom  * - 0,  sijn  (- ) corresponds  e = ir.  For  the  law  values  of  k. 


foriula  (5.19)  is  sisplilied: 


[JJ?,sir.(A>-  +)].  (5.20) 


Poraiula  (5.19)  is  obtained  on  th»  assuaption  that  khs  action  of 


the  nonphase  field  of  ret<:Lu  emitter  is  compensated  for.  If  the 


compensation  fc;  nonphase  field  is  absent  and  the  raadia}  of  bearing 


is  reallzacl  on  tha  minimus  of  audibility  or  along  the  transverse  of 


the  image  of  bearing  on  the  screen  of  tha  cathode-ray  tuba  of 


two-channal  radio  direction  finder,  then  error  is  determined  by  the 


expression 


. U '.t  ■'iitiL'it.iBL:-  -arUr. -ti-jL i)iULrj,ut;.4dA. 
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page  254. 

The  value  of  ercoc  coneidecably  decreases  and  its  li 
observed  when  ’J’*  rad.  • With  a small  separation 

antennas,  the  expression  for  an  error  coincides  with  (5.1 

On  Fig.  5.6,  are  depicted  the  errors  due  to  the  effe 
eiitter  of  systei  of  two  omnidirectional  spaced  antennas 
the  anole  between  directions  in  return  emitter  and  ground 
with  It  = 0.5  and  different  2b/X. 


cimua  is 
of 
6)  . 

3t  of  return 
depending  on 
field 
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Fig-  5.6.  Eccocs  iue  to  the  effect  of  return  eaitter  (K  = 0. 5)  ; 1 - 
co.sinusoiial  cn  ac  ic  ter  ist  ic  • = 0®;  2 - cosinusoidal  characteristic  t 
= 180®;  3 - 2b/X  = 1,  # = 0;  4 - 2b/X  * 2,  ■>  = 0;  5 - Zb/X  = 3, 

] 

\ 

Page  255. 

i 


It  saould  ba  noted  that  the  differential  radiation  pattern  of 
two  spaced  antennas  with  the  large  separation  of  antennas  (2b/X  > 1) 
has  several  lug/lobes  of  identical  amplitude  {number  of  lug/lobes  it 
is  determined  by  relation  2b/X) . Curves  are  given  only  within  the 
limits  of  one  luo/lobe  of  radiation  pattern  with  # = 0 (cirved  3,  4, 
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5).  For  a coDparison  are  plotted/applied  also  the  errors  Cor  by  the 
antenna  of  systea  with  cosinusoidal  directional  charactati Stic  with  P 
- 0 and  * - m (curved  1 ana  2). 

On  Pig.  5.7,  are  represented  the  naxiaua  errors  (fM«Ho)i ue  to  the 
effect  of  return  anittor  depending  on  the  separation  of  antennas  2b/x 
with  k = 0.5. 

Let  us  calculate  the  error  of  the  effect  of  return  eaitter  on 
the  antenna  systea  of  radio  direction  finder  with  cyclic  •easurenent 
of  phase  in  high  frequency. 

Let  us  suppose  that  then  on  the  antenna,  rotated  on  radius  b 
(separation  of  antenna  2b)  with  frequency  0,  operates  grojnd  field  E 
with  the  ingle  of  the  slope  of  a front  of  wave  p,  and  the  field  of 
return  emitter  KEe*’  under  angle  to  ground  field  in 

horizontal  plane  and  with  the  angle  of  the  slope  of  a fcoit  of  wave 
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Fig.  5.7,  Depatidaice  of  aaxiauffi  errors  on  the  separation  by  the 
antenna  of  systea. 

Key:  < 1)  . deg. 


Page  256. 

Let  us  designate 

i^cus?.  = «„  -?;^cos?.  = 5,.  (5.21) 

We  assuae  that  the  reading  of  the  phase  of  frequeaoy  0 is 
conducted  froa  tha  direction  of  the  arrival  of  ground  field  E. 

Induced  in  antenna  eaf  will  be 

A — fa  (“<-*•)  1 
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or,  after  i^esignating  Qt  = e,  we  will  obtain 
£ = E/«  }.  (5.22) 

Proa  oxi>ressLon  (‘ii.22)  follows  that  emf  in  antenna  is  equal  to 
the  SUB  of  two  vectors  with  phase  angles  a,  = 6j  cos  9 an!  = 6^ 
cos(e  — *„)♦  * ani  with  the  amplitude  ratio,  equal  to  k (line  OA  and  AB 
to  Fig.  5,8).  The  total  vector  OB  deviates  on  phase  to  angle  C froa 
vector  OA,  which  corresponds  to  emf  of  ground  field,  moreover 


ipr.^  f — h tin  («,  - a.) 

'S'*-  <«—  i+k  CO. 

= k sin  (a,  — a,)  (1  — k cos(a,  — a,)  -f  . . .]  = 
r=  k sin  (a,  - a,)  — sin  " (a,  _ . . (5.23) 


Since 


a,  — a,  = 5,  cos  (9  — 1,)  + ? — *,C0S6=  6,  cos  0 cos 
5,  sin  9 sin  cos  6 -f-  f = o sin  (9  — x)  -f  f< 


where 


c^ac{ 

a = — 2«,«,  cos 


»gz  = 


co»i, 

a,.ln^. 


•,(5.24) 


of  (5.23)  follows  that 

C ^ k sin  [a  sin  (9  ~ x)  + Tj  — -y  s'"  2 [a  sin  (0— /,)4-<p)+. . 

= k {cos  <t  sin  [a  sin  (0  — 7.)]  + sin  <p  cos  [a  sin  (0  — 7))}  -}- 
+-y{cos2Tsin(2asin{0  — x)]4-sin  2ipcos  [2a  sin  (9— 7)))  + ... 
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Fig,  5.8.  Vector  iiagram  of  einf  under  the  effect  of  ths  field  of 
reradiat ion. 


Page  2 57. 

It  is  deooaposed  5 in  Pouriec-Bessel* s series  in  arguaent  9 and 
is  isolated  the  tscin  of  fundamental  frequency  9,  since  this 
component  affects  the  measurement  of  the  resulting  phase  during  the 
determination  of  the  bearing: 

C,  = 2 k cos  ffJ,  (a)  — cos  2fJ^  (2a)  j sin  (6  — x)  — 

= ssin(e  — X). 

wher  e 

s — 2 ^ k cos  <p/,  (a)  — cos  2f /,  (2a)  j . 


The  resulting  phase  during  measuremant  will  be 
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l-  r i ^ 


V,  I I 

f 


® = «i  *f  C,  = 4,  cos  1 4"  s sin  (®  — x)  == 
= 4,  cos  0 -f-  s sin  ( cos  x — s cos  tsin  x = 

= + s'  — !i4,s  sin  x cos  (8  — f), 

1,— • 


(5.25) 


Khece  f - correction  to  bearing,  in  absolute  value  is  eguil  to 
bearing  error. 


Formula  (5.Zi)  is  simplified,  if  6j  = 6^  = 6,  i.e.,  vhen  = 3; 


Page  258. 

In  this  case,  a=28sin~,  tg/  = tg~  X 


^ f 4'#  N 

2 1 U cos  I i 2'!  sin  — j ~ 

1 I ■■  Stn 

i _ 2 1 /,  msin-yj  kcos  t 


k> 

■w 

1 

(44sln^)j 

[COS  -j- 

— -^y,  ^4Ulii-^j  cos  2,- 

sin  2' 

(5.26) 


Wti?n  k <<  1,  it  is  possible  to  be  restricted  to  the  first  terms 
in  numerator  and  lenoninator  (5,26).  Then  value  f will  be 
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2k  cot  • CO*  ] ■ ( W»in 

!— V 

This  expcasslon  is  analogous  (with  5.20).  After  substituting  in 
(5.27)  values  'V*  and  6,  w«  will  obtain 

2kco.,co.(^)  /.[-  -"M«n 

I =*=  2k  ^ . 

-y-  b CO?  ) 

With.  T saall  radius  of  gyration  of  antenna  b (lov  value  2b)  6 -> 

0 and  liin/— kcos7sin(/?— y).  ^^psuit  is  analogous  to  formula  (5.12). 

On  Pig.  5.9,  is  depicted  the  dependence  of  the  absolute  value  of 
the  ndxiwuni  error  f of  sy.steir  frow  separation  (radius  of  a circle  of 

I _ " 

the  rotation  of  anteima).  It  is  accepte<i  r.iiat  k = 0.5,  ^ - 0,  t«  • j”- 

In  phase  radio  direction  findc^r  of  two  aotionlcss  antennas,  the 
bearing  error,  as  tiiis  follows  fro;a  (5.22),  is  dosigne.1  from  the 
formula 

/ — -L  nrr  ti?  2 k cos  y sill  (i,  »tn  6 — iln  i)  -r 
' ’ 2*1  ‘ ^ l+2k  CO*  <p  CO*  (<,  sin  1 — 

+k'  5ln|2(<,  »in  9 — jm  ii| 

+ k*  cos  12  (9,  sin  0— 9i  jln  >)j  ' 


where  0 is  an  angle  if  direct  ioi,  in  radio  motion  with  p»  r pe  nJ  icul  a r 
to  lines,  tnat  coinects  antennas. 
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when  0 = 0»  6i  = 62  = 6 = 2r/x  b cos  b»  then 

I f|_  I nrctir  f »ln  <»)  + k' >ln  (2<  sin  i.) 

* ' ' 24  » l+2k  co«  fcos  (4  sin  <>,j  + k*  coi  (24  sJn  +,) 


If  in  this  case<;»=Yand  # * w,  then  we  will  obtain  the  vilue  of  the 
naxiiDUD  deviation 


UaKc  = jj"  arc  tg 


—2k  sin  4 k»  .<ln  24 
I — k cos  4 + k*  C0J«  4 
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Pig.  5.9.  Dependence  of  the  maxiraum  errors  of  systeie  with  the  cyclic 
measurement  of  phiso  from  the  separation  of  system  (with  < = 0.5). 


Page  250. 

At  the  Low  Values  of  k and  0=0  error  function  of  pmase  radio 
direction  finlar  af  two  motiorless  antennas  approximately  corresponds 
to  system  of  two  spaced  antennas  of  amplitude  radio  direction  finder 
(5,19). 


Under  actual  conditions  for  the  antenna  system  of  radio 
direction  finder,  operate  the  return  emitters,  ar ran^ e/l c c at ed  in 
different  directians  also  at  different  distances  from  by  the  antenna 
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of  system. 


Susceptibility  by  the  antenna  of  the  systea  of  radio  direction 
finder  to  the  effect  of  return  esittscs  it  is  possible  to 
characterize  by  «ean  square  error  «n  or  idle  ti«e  by  lean  error  A 
from  the  effect  ef  tne  return  emitters,  evenly  arrange/located  around 
by  the  antenna  of  system. 

It  is  assumed  that  of  return  emitters  the  field  Eom  coincides  in 
the  phase  with  ground  field  E in  center  as  the  antenna  of  system  and 
has  the  constant  i ntensity/streug t h,  which  is  cha racter i za d by 
relation  k = ~g-=0,I.  if  the  return  emitter#  arrange/locatad  at  an 
angle  d,  to  the  direction  of  ground  field#  creates  error  A#  then 

M - 

A* = = jlr  f ^ 

0^  0 

Let  us  calculate  ’’m  for  by  the  antenna  of  the  systea, 
equivalent  to  two  spaced  antennas  with  separation  2L  at  waose  reading 
of  boarinj  is  realized  on  the  minimua  of  directional  characteristic. 
We  will  use  for  calculation  A by  formula  (5,20).  Let  us  designate 
2f/X  = m.  Then  with  ♦ = 0 
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(5.29) 


With  k = 0. 1 


Page 


•“ = [ ^Mr  (2"»)]= 1 - /.  (2-). 

261. 


leg. 


For  the  antaana  system  with  cosinusoidal  directional 
characteristic,  which  has 


and 


Belation  of  the  naan  sguare  errors  of  the  larger-base  ml 
cosinusoilal  systaas 
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On  Fig.  5.13,  are  given  to  the  depend®nc« on  the  separation 
of  ant-ennas  foe  a radio  direction  finder  of  two  spaced  aatennas  with 
the  reading  of  baaring  on  the  rainiaun  (curved  1),  and  also  of  two 
diverse  coaxial  framework  (curved  2). 
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Fig,  5.10.  Denaadsnce  of  the  coot  mean  s;j[uace  values  of  local  cccocs 
from  the  separation  of  the  antennas:  1 - for  two  spacai  aitennas;  2 
for  two  diverse  framework;  3 - for  a system  with  the  cyclic 
Beasurameat  of  paase. 


Page  262. 

Prom  Pig.  5,10,  it  is  evident  that  with  an  increase  in  the 
separation  of  antennas  to  2b  = (3-4)  X the  aean  square  error  cr„ 
decreases  10  - 15  times  in  comparison  with  error  Omt  for  my  the 
antenna  of  system  with  the  cosinusoidal  characteristic  of 
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directivity.  With  a further  increase  in  the  separation  Om  it 
decreases  more  slswly  and  with  2b  = 10  X it  decreases  2 aore  tines. 

If  one  considers  that  the  large  ainor  iobesv  which  there  are  at 
the  radiation  pattern  of  two  spaced  antennas  when  2b/X  > 1,  in 
reality  are  suppcsssed  in  systeo  with  acute/sharp  dicaztional 
characteristic,  then  in  system  with  large  separation  a decrease  in 
the  errors  due  ta  return  emitters  must  be  larger  than  in  Fig.  5.10. 


For  a radio  direction  finder  with  tae  cyclic  aeasuceaent  of 
ph  ase  in  high  fraguency,  the  calculation  of  mean  square  error  from 
the  effect  of  the  return  emitters,  evenly  arrange/located  around  by 
the  antenna  of  system,  is  difficult.  For  calculdtion  ills  time  of 
mean  error  we  will  use  expression  (5.27) 


i J 1 -t  (2*  t)  I ) 


Let  us  replace  of  variable  2«sin-y=.ic: 


Am  = 


(|i  -|/.(2«)||4. 


+ 2^(-  l)*/,(2^);. 


(5.32) 


Since  di(x)  - sign-changing  function,  integration  Is  conducted 
between  values  a,,,  by  corresponding  n to  zero  J|(x).  General  solution 


k 


1 

1 
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is  eqiral  to  the  sub  of  the  indicated  particular  integrals.  Hith  saall 
* l~y«(2A)-=6* 

an  d 

AM  = -~kcosf.  (5.3?) 

which  coincides  with  fornula  for  two  spaced  antennas  with  a saall 
separation  of  antannas. 


'i 

-! 

• ^ 
5 

-4 

i] 

1 

1 

4 

J 

-k 


-1 

1 

- 
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To  Pig.  5.13  (curved  3)  ace  plotted/applied  also  obtained  by 
nuoerical  integration  of  the  relation  of  the  aean  sguara  actors  of 
systens  with  the  cyclic  moasureirent  of  the  pnase  in  high  frequency 
and  cosinusoidal  depending  on  separation  2b/X  [5.12]. 

It  is  possible  to  obtain  expression  for  an  error  o>i  for  a radio 
direct'ion  finder  with  the  reading  of  bearing  fcon  aazLii'B,  if  we,  Tot 
exanple,  to  assusj  that,  the  radiation  pattern  of  antenna  system  has 
one  lug/lobe  with  a width  of  Bq.s  during  a decrease  in  ttia  power  of 
signal  2 tines  [5-12]. 


t 


I, 

'i 


% 


4 
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Pig.  5.11.  dependJnce  of  the  root  mean  sguare  values  of  local  errors 
by  the  single- loba  antenna  of  system  f ron  the  width  of  luj/lobe  and 
separation  of  artJrmas.. 


Key;  (1).  width  ii  the  degrees  of  fiiajot  lobe  during  a decrease  in  the 
power  2 tineso 

{ 

F 

f 

i Page  2f.4. 
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Within  th»  limits  of  lug/lobp,  accepted  expression  for 
directionil  charastecistic 

f «)=«.  (5^), 

of  the  outside  liiits  of  lug/lobe  of  characteristic  are  issuaad  xero 
values. 


k 


Mean  sguare  error  will  be 


= 1.455;;*.  deg 


where  Bo,s  Is  expressed  in  radians. 

To  Fig.  5.11,  is  aiven  the  dependence  on  tha  width  of 

• UK 

lug/lobe  60,5.  On  the  axis  of  abscissas,  are  plotted/applied  also  the 
approx'irate  valuas  of  ratio  2b/x,  designed  from  the  assuiption  that 
the  lug/lobe  of  directional  characteristic  is  created  ny  two  spaced 
ant>.  nnas. 


% 


5.4.  Types  of  return  emir.t9rs 
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In  5.5  ail  5.0  it  is  examined  the  effect  of  the  return 
emitters  of  two  types: 

- analogous  to  antennas,  i.c.,  the  elongated  emittars  in  which 
one  size/l  imension  many  times  is  be  greater  the  s ize/dinensior.s  of 
section; 

- in  the  foci  of  duct-f ra mework  from  wires  (loctal  diet,  open 
circ  uit)  , 

Invar se-axcitar  can  it  is  located  on  very  close  distance  from  by 
the  antanna  of  thj  system  of  radio  direction  finder,  for  example 
Under  conditions  of  ship  and  aircraft,  and  at  large  distances  - under 
conditions  of  th,'  ground-based  installation  of  radio  direction 
finder.  Tne  methol  of  the  examination  of  antennas  is  different  for 
both  cases.  In  the  first  case  it  is  necessary  to  ptooaai  from  the 
near  field  of  antsnna  taking  into  account  induction  field.  In  the 
second  case  affects  only  the  radiation  field. 


Page  2h5. 


: a ~ ■‘g-3g:: 


The  ic;tion  of  in/ersely-radiat  iny  circuit  (franewDik)  can  bo 
observed  aboard  aiip  and  on  aircraft,  and  also  in  ground-based  radio 
direction  findar.  In  § 5.6  it  is  examined  the  effect  of  duct  in  ship 
radio  direction  finder.  It  is  assumed,  that  the  size/di lea sions  of 
duct  are  Less  than  the  wavelength*  If  the  size/diaensions  of  duct  are 
commensurable  with  wavelength  and  it  is  moro  than  it,  then  the  effect 
of  this  duct  can  be  considered  as  cumulative  effect  of  its  sides 

' 

> 

? [5.10]. 


To  account  fir  the  effect  of  the  conducting  object/subjects,  all 
three  size/dinensi ons  of  which  of  one  order  are  commensurable  with 
wavelength  (metallic  installations,  mountains,  buildings),  one  ought 
not  to  have  solved  the  probleas  of  wave  diffraction  for  the  different 
cases  of  practice.  These  questions  ace  insufficiently  daveloped.  In  § 
5.7  is  given  only  one  such  case  - application/use  of  theory  of 
diffraction  on  tae  calculation  of  the  deviation,  caused  by  the 
metallic  body  of  ship  and  aircraft. 


5.5.  Action  of  tna  antenna,  located  near  radio  direction  finder. 


Antenna  is  at cange/locat ed  in  immediate  proximity  of  riiio  direction 


finder. 
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To  tlie  Ccaaswocic  of  ra-lio  direction  finder  at  an  anjie  of  p the 
center-line  plans  of  ship,  approaches  the  electroiagnetic  wave  with 
the  intensity/stcanqth  of  electric  field  E and  with  nocaal 
polarization. 

At  certain  distance  from  the  fraueworlt,  is  arran  j e/l  > cated  the 
vertical  i n verse- e xit er  A.  The  angle  between  the  direction 
"f ra me work-a ntacn 1 " aad  the  centec-line  plane  of  ship  let  us 
designate  by  (Fig.  5.5), 

Earlier  w>  wsre  obtained  lor  the  deviation,  caused  by  return 
emitter,  expressions  (j.14)  ia  the  case  wheit  there  is  coipensation 
for  antenna  effectc  *,  and  (S.11)  in  the  case  when  the  compensation 
for  antenna  effects  is  absent. 


POOTNGtE  » The  affect  of  compensative  antenna  (§  7.12)  it  is  not 
considerel.  BNDFOOTNOTE. 


For  i n verse- e xiter  , which  is  the  noodi  ractional  system, 

^(®i*  (^««  ^OM  ~ 0. 

? = T, -hv-f  X ~ 


t 


k 

I 
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FroB  (5.3)  it  fallows  that 


k = 


ah, 

~ 


= const 


indepandent  of  p ind  9.  Theiefoce  fornulas  (5.11)  and  (5.14)  retain 
their  form  without  any  changes. 


Frow  (5.14)  follows  that 

sin  / = k cos  9 cos  i)>  sin  <7  — k cos  9 sin  cos  q. 

Let  t>  does  nat  depend  on  q. 

For  small  dawiations  we  replace  sin  £ on  f; 

/-B  sin  <7  + Ceos <7.  (5.33) 

B«=kcos(p  cos  C =— k cos  (p  sin  i|'. 

Thus  when  in  radio  direction  tinder  is  conpensation  for  antenna 
effect.s  or  the  field  of  antenna  coincides  in  phase  wLtn  jround  field, 
the  vertical  in  vac se-e xitor  creates  the  semicircular  deviation  with 
coefficients  b and  C. 


Tha  signs  of  the  coefficients  depend  on  i|',  i.e.  on  the  location 
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of  antenna  relative  to  the  fratneworic. 


The  signs  of  coefficients  B and  c represented  on  Fiq. 

5.  12. 


When  in  radij  direction  finder  there  is  no  equipusnt ^device  for 
the  conpensatiop.  for  antenna  effects,  deviation  is  determined  by 
formula  Ci . 1 1)  . 

The  representation  of  how  changes  in  this  case  daviation 
depending  on  the  rhatacter  of  antenna  resistance,  gives  Pig.  5.13a. 

On  it  is  depicted  dependence  of  f on  p for  uiffacent  values  e,  from  0 
to  180®  when  k=0,5.  (p}-i.(p3»0  antenna  affects  it  is 

absent),  on  Pig.  5.13b,  is  given  dependence  of  f on  p for  k»»  o,5,  ih-O. 
when  d..:*anc6  d = 0.5X  and  *x  varies  from  -180  to  +180®,  also  when 
the  coKpons^tion  for  the  antenna  of  effects.  On  figure  are 
plotted/ap p lad  inclined  straight  lines,  q = P - f»  so  that  is 
visible  dapendenca  of  f on  q. 

If  w?  examin?  dependence  of  f on  q,  then  sometimes  from  curved 
(Fig.  5.13b)  for  the  determined  values  of  q and  ej  is  obtained  two 


values  f. 
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Pig.  5.12.  signs  of  ^-he  coefficients  b jmd  c wita  tse  different 


locations  of  in  vac se-e xiter. 


Key:  (1).  Nose.  (2).  Framework-  (3).  Forages. 
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This  frequently  is  encountered  in  practice  when  is  datarnLned 
deviation  f dapeiling  on  q.  rtult  if  orraity  f uisappears,  if  we  exaciiiiG 
dependence  of  f on  p. 


From  Fig.  5.13a,  it  follows  that  if  we  disregard  Lncceaeat  for  a 
field  fro«  inversa-exiter  {case  of  mediura- frequency  waves  or  very 
close  antanna  locition  to  by  antenna  to  the  system  of  radio  direction 
find  *r)  , then  with  small  detunings  of  antenna,  when  tha  raactancc  of 
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antenna  it  is  small  and  = 0,  deviation  it 
(to  30®)  with  g = 90®  and  q =270®,  i.e. , has 


reaches  naxituB  values 
seai-circulsr  law  from 


q- 
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no  M isn  tiff 

‘ •'■'  ‘ ■ ' \ p‘ 


ihc  0 10  JO  to  m tio  iuo.> 

JiitJ  ’ 


fig.  5.13.  ErrDr,  caused  by  in  vcrse-oxciter  when  th?  rauaansat  ion  for 
the  antenna  effects  is  absent,:  a)  k = 0.5;  ♦ *3  = 0 ; b)  k = 

0«  5;  y- D\P  z * P3  - *>■  ( 1 - cos 


Key:  (1).  correction  to  bearing,  deg. 
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With  an  increase  in  the  detuning  ot  the  inverse-exciter  the  law 
governin;)  deviation  changes  far  large  aisBatches  of  antenna,  when 
~90®,  deviation  las  raaxifflum  a value  /hskc^S"  with  g = !Ji,  IIS,  225 
and  315®.  the  law  governing  deviations  bacoaes  one  fourth  from  g. 

From  Fig.  5,13b,  it  follows  that  if  we  consider  inccjment  for 
the  field  of  raradiation,  then  deviation  reaches  maxiaam  30®  with 
certain  detuning  if  the  inverse-exciter.  The  laws  gevarning  deviation 
for  cas?^  Fig.  5.13b  are  obtained  more  complex  than  for  case  Fig. 

5-  13a.: 


In  order  to  judge  the  effect  of  the  inverse-excitat  it  is 
necessary  to  Know,  as  they  cha<>ge  with  K ana  e depending  on  the  site 
of  installatioi  of  tl-,e  framework  of  radio  direction  finlac,  and  also 
on  the  relaticnshi p/rat io  of  the  frequency  of  direction  finding  and 
natural  frequency  of  antenna. 

Let  us  Gxamiie  first  as  they  change  with  k and  ♦ depending  on 
the  arrar.gement/per mutation  of  the  frairework  of  radio  direction 
finder  relativa  to  the  inverse-exciter.  For  this,  it  is  necessary  to 
find  expression  for  electromagnetic  field  on  close  distance  from  the 
inversG-rxciter,  P.  A.  Ryazin  [5.7]  designed  the  field,  created  by 
rectilinear  antenna  of  near  zone  as  sun  of  fields  from  elementary 
radiation  currents,  under  the  assumption  that  the  current 
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distribution  along  the  antonna  is  sinusoidal. 


In  our  examination  we  assume  that  the  reactance  of  antenna  is 
eijual  to  Z3ro»  This  corresponds  to  such  frciguency  at  wiiioi  along  the 
length  of  tha  grounded  antenna  is  placed  the  odd  nuabsr  of 
quarter-wave  lengths  i.e.  whare  n any  whole. 


Expression  for  the  which  interests  us  in  the  case  of 
rece pt ion/ procad uc e to  the  traaework  magnetic  intensity  from  the 
vertical  wire  antenna  by  length  /,=  — j — i obtained  ia  '5.7]  in  the 


following  form; 


I — I )*n,f  1 w j 


moreover  »20  - 0,  - *30  = (/■»-f-ra),  *»o  depends  on  n,  where  r is 

X’  - 

a distance  froa  tie  framework  to  antenna  on  perpendicular  to  antenna; 


r,  - a distsnce  froa  the  framework  to  the  top  of  antenna; 


/"b  - a distance  from  the  framework  to  the  iaage  of  the  top  of 


antenna : 


/?,  - the  effective  resistance  of  antenna. 


page  2h'K 
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The  aaplituda  of  field  component,  cophaaai  with  tie  field  of 
transmitter,  is  dal'icained  by  the  expression 

(5.35) 

wh  e r ? 

T = ?•  + 7,.  — (r,  + rj: 

?t  = ^ rccs<^  f (5.36) 

Let  us  exaalie  two  cases,  that  are  of  yreatest  prsotical 
interest  ^ 

T.  Along  the  length  of  antenna,  is  placed  quarter  wivelenytli 
i«e.,  For  this  antenna 

/?,  = 36,6  tft,  n = 

From  formulas  (5,35)  and  (5.3b)  follows  that 
f/'o.  =1 .04E  A cos  ] cos  f. 


whence 
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ia  this  cise 


ft  ^ , W 

?t»  = -2  “ ? = ?»+2 


(5.38) 
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2.  Along  tha  length  of  antenna,  are  placed  three  quarter 
wavelengths,  i.  e. , /«“  In  this  case  7?*— ,'.4' ohe,  m—~. 

^ **e 

formulas  (5.35)  nd  5.3ft)  follows  that 


/y'„„-=^0,230E-A-cos 


An/  r.  -r„  VI 

in"  2/.  )\ 


COSf, 


whence 


k = i^=0,230  ic<»j’f(^V/r"-)l' 


(.5.39) 


where 


. « T -l-fH  \ r.—r^  \ 

<P  = f.-r  -y  (I  - 3 -2—-) . ec.ni 

9 = 9.  + — (^1 J.  CC.II!  >^. 

£ccui>'i  - xt} 


The  inaximuni  values  K for  the  different  locations  of  the 


From 


framowotk  of  radio  direction  finder  relative  to  the  inverse-exciter 
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are  depicteil  on  Fiy.  ‘i.lUa,  when  and  on  Pig.  5,  I4b  when 


Pig-  5.14,  ice  shown  also  for  the  different  places  of 
arrangemen t/per*utation  by  the  antenna  of  the  systen  of  the  value  of 
oaxiDUir.  deviation  futnc  - sin  k when  * = 0,  when  # « 0 value  of 

deviation  they  will  be  smaller.  Kith  ♦ =f»/2)  f * 0 and  - k. 

These  curves  it  is  possible  to  use  during  the  site  of  iDstallation  of 
radio  diraction  finder  aboard  ship.  From  curves  it  follows  that  the 
deviation  decrease''  with  the  lift  of  the  f rameworx  aoDva  the  hull  ct 
ship.  For  a Jacraase  in  the  effect  of  the  mast  of  ship,  it  is 
expedient  to  assemble  the  framework  on  tne  top  of  sast  Ji  the  line  of 
the  symmetry  of  aist.  As  this  follows  from  the  curves  Fig.  5.14,  for 
equidistances  between  the  framework  and  the  antenna  whan  l^—-x  of 
error,  it  is  less  than  when  /a  = -^i. 

Let  us  datec«in=>  the  effect  of  the  detuning  of  the  natural 
frequency  of  antenna  relative  to  the  frequency  of  diraction  finding  a 
on  an  example  of  tiie  shorv;  antenna  whii-’h  is  tuned  to  a fraquency  », 
by  supplemuntary  reactive  cell/e in  me nts. 
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Piq.  ‘)..  Hi. 

vertical  i 


Effect  of  the  secondary  field  of  the  grouniel  vice  in  the 
'lane;  a - nith  b - w hen  /.■=3 1>.- 
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ri  It  =0.3. 

f •"  IT 

t)  k «o.s. 

1 Hue  < 5®*- 

«)  It  = O.K. 

Iu.,.c '? 

•’)  k 

It  » 0.2 

k ==  f'**- 

.'>)  k = <*• 

f..,. 

i>  k X 

O)  It  = 0. 

/...c-O- 

6)  k's.0.3AJ. 

/hihc^'^.S'; 

Key:  (1).  Haight/jLtitude  of  the  framework  above  the  main  deck 
(2).  Distance  from  conductor  on  deck 


Page  272. 

In  this  case,  ~ 0,  i.p.,  the  radio  direction  finiar  works  on 

average/Kcan  and  long  waves. 

Let  us  designate: 

2*  = /?, 4- /A",  • the  complete  active  and  reactance  of  jatenna 
circuit; 


— V • modulus  of  resistance 


On  the  basis  (5.3),  for  the  inverse-exciter 

= "'■t- 77,  - / ^ = k' -f /V 

t -a  z*  zt 


I 


fel 


I 
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where  a is  the  CDsfticient  of  proportionality. 


If  one  assmas  that  h,  does  not  change  with  frequency,  then 


dependences  k*  and  k"  ou 

R»  AT. 


will  coincide  with  dependenras  for 
«•  K 


antenna  circuit  ,»  and  " j on  relation —«s  These  daaandences  are 
represented  on  Fij  5.15.  The  sharpness  of  curtres  is  deterained  by  the 
quality  of  antenm  circuit.  From  Fig,  5.15,  it  follows  tajt  the 
greatest  values  of  the  coefficients  of  semicircular  deviation  and 
diffuseness  of  the  minimum  arc  obtained,  when  the  natural  frequency 
of  antenna  is  close  to  the  frequency  of  direction  finding. 


2m  Antenna  is  arrange/located  at  a great  distance  ftoa  radio 
direction  finder. 


Let  us  examiie  the  action  of  the  vertical  grounlal  antenna, 
arrangc/located  at  a groat  distance  from  by  the  antenna  of  system 


radio  direction  finder. 
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Fig.  5,15,  Dependence  of  the  field  of  curadiation  on  the  letuning  of 
antonna. 
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Lct  tho  vertical  radiator  have  effective  height  and  is 

located  at  a distance  r frou  the  framework  of  direction  Cinder.  The 
strength  of  the  fiela  of  the  oriented  transmitter  let  js  lesignate  E 


In  antenna  it  is  induced  by  emf 


— EA*, 


where 


is  the  effective  heignt  of  antanna. 


The  quita  high  field  of  reradiation  will  be,  when  ^ In  this 


case 
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= = ^‘  = 36,6  0^1.  oh*. 

aVI 


The  field  of  ctr&liation,  created  by  the  diataot  antenoar  will  be 

377/. A. 


Eoh  — ■ 


IT 


V3C,  6 


0,25-^  E 


or,  since  X=-Al^, 

Eon  = E inik  = is. 

^ E r ' 


Tlie  greatest  action  of  antenna  will  be,  when  the  phise  of  the 
field  of  reradiation  in  location  by  the  antenna  of  the  syatea  of 
radio  direction  finder  coincides  with  the  phase  of  gcojol  field 
(transmitter)  or  differs  fcoic  it  in  phase  to  ISO®;  in  this  case 
aaximum  deviation  is  doterained  by  the  foraula 


fuatie  — h jr  '^SLd,' f 


(6.40) 


On  the  basis  of  tie  pecaissible  deviation  into  1®,  from  (5.40)  we 


ha  ve 


/MtHo  ^ ■jy  I ^ "Sy’  ©"f*  ^ 50/^. 


ft 


Thus,  so  thit  ♦ne  deviation  froa  the  vertical  qaartec-wave 
grounded  antenna  Joes  not  exceed  1®,  the  distance  of  the  vertical 
wire  antenna  froa  the  franeworic  of  radio  direction  finiec  oust  be  50 
(and  Bore)  tiaes  of  the  more  height  of  the  vertical  wire  antenna. 

Page  274. 


Tha  maxiauB  ieviation,  produced  by  the  effect  of  the  horizontal 
wire,  Guspend/hung  from  height/altitude  h at  a distanoa  c froa  by  the 
antenna  of  the  systea  of  radio  direction  finder,  i&  detecained  froa 


the  formula 


So  that  the  arcor  does  not  exceed  1®,  it  is  necessary  to  fulfill 
requiremeat  ^ 0.02  or  c :j,7-y^ih. 


i 

» I 
4 


I 


3 


T'uus,  for  inatance,  for  a wave  X = 100  m at  the  hal  gat/altitude 
of  rhe  supports  af  the  suspension  of  wire  h = 10  m for  th»  linitation 
of  error  by  value  of  1°  must  no  made  condition  r ^ 7 y~10D0  or  r 
250  in. 
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5.6.  Action  o£  inif  ersel  y-raJiatiny  framework. 


The  in versely- radiating  framework  frequently  calls  Loop.  The 
framework  of  radio  direction  finder  with  size/diaensions,  ouch 
saaller  than  the  wavelength,  it  is  located  within  the 

in versol y- radiat la g framework  (Fig.  5.16).  For  deteriiainj  the  effect 
of  the  inversal  y- c adiating  framework,  we  proceed  from  (5.3),  where /ion 
is  the  effective  leijht  of  the  in v er sel y-r adiat ing  framework.  In  the 
general  case  the  action  of  the  framework  of  the  equivalently  two 
spaced  antennas. 

If  the  si ze/1 imens ions  of  the  inversely-radiating  fiamework  are 
small  in  comparison  with  wavelength  and  the  direct  ion- f ind  ing 
framework  is  arrange/Located  in  the  center  of  the  inversely-radiating 
framework,  then 

F (0„  'll,)  = cos  ip  — V)  =^os  t..  a F (0„  +)=  , 

where  M„,  is  maxlium  mutual  inductance  between  the  direction-finding 
and  in versely- ral ia ti nq  framework; 

I'v  ~ tha  effective  height  of  the  direction-finding  framework. 
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inversely- radidting  framework  must  be  predoainantly  eithsc  inductive 
or  capacitive,  i.a., 

Zoii=  ±/Aoii- 

Therefore  field  Eou  coincides  in  phase  with  field  E of  transaitter. 

Utilizing  expressions  (5-H*>and  (5.41),  and  also  taking  into 
account  that  with  the  reading  of  bearing  0 = q,  p = q ♦ f,  we  obtain 
the  expression,  wnich  connects  bearing  deviation  f with  q and  if; 

sin  f ^ m cos  (<7  - '}>  + })  sin  (g  — it'), 

whence 


. . m sin  2(17  — 

' (2  + m)  — m cos  2 (v 


m 

sln2w-*) 


Let  us  replace  <7— »|)=<7i,  i- e-  let  us  select  as  the  refsrence  point 
of  bearing  not  longitudinal  axis  of  ship,  but  the  projection  of  the 
in ve rsp ly- radia ti ag  framework  on  the  body  of  ship  or  aircraft. 


Tl.pn 


f+~m 


Let  us  desigiate  = D, 


(5.43) 
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whence 


° ' 1 — D CO*  2?i‘ 


Page  2Th, 


(5.44) 


Expanding  equation  (5.44)  in  Fourier  series,  we  hava  for  the  low 
values  of  f 

/ = D sin  2g,  -f  D’  sin  2q,  cos  2g,  = 

= Dsin27,  + Ksin4g,  + ...,  (5.45) 


where 

K = ^.  (5-4«) 

In  forrulas  (5.43i  - (5.46)  D and  K are  expressed  in  radians. 

Lot  us  find  from  (5,45)  expression  for  f at  different  lfi|)  = 0, 

i.e.  , an  L n ver  seL  y -r  a.3  iat  ing  ftaraeworh  is  arrange/located  along  the 
longitudinal  axis  of  ship  (airciaft)  , then  q*  = g and  equation  (5.45) 
will  take  the  foci; 

/ = Dsin2<7-|-Ksin4g  + ...  (5.45') 

Thus,  an  inversely-radiating  ftaaework,  artange/locat ed  along 
the  longitudinal  axis  of  ship  or  aircraft,  in  the  plane,  which 
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contains  the  axis  of  the  direction-finding  framework,  crai tes 
quadrantai  and  octant  deviation. 

^-90“, 

When  ^ i.a. , an  inversely-radiating  framework  is 
acrange/locatel  par pendicuiarl y to  the  longitudinal  axis  of  ship  and 
its  plane  contains  the  axi  . of  the  direction-finding  fcaiawork,  from 
(5.45)  we  will  obtain: 

/ = D sin  (2^  -H  1 80°)  K sin  (4<;  4-  360°)  + . . . = 

= — Dsin2q-j-Ksin4ff ...  (5.47) 

When  if  Is  aqual  to  any  angle,  then 

/ = D sin  (2^  -}-  2<j()  -j-  K sin  (4g  -}-  4ij>)  = D cos  2'j>  sin  2g  + 

-|-  D sin  2<|i  cos  2g  K cos  4iji  sin  4v  •(-  K sin  4+  cos  4g~ 

= D,  sin2^-j*Ecos2^ + K,sin4g-r  Lcos4g-f ... , (5.48) 


where 

D,  = Dcos2<)»;  K,  — Kcos4<;»;  E = Dsin2')'.  L = Ksiii4<)'. 

Thus,  ar  i n v a r sal  y-r  idiat ing  framework  at  any  angle  to  the 

lofiji  tulinal  axis  of  ship  (aircraft)  with  the  plane,  passing  through 
the  axis  of  the  direction-finding  framework,  creates  tba  leviation  of 
foro  (.5.44),  i.o.,  to  one  fourth  and  octant  law. 


Page  277- 
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It  is  possible  to  show  that  an  inversely-radiating  framework, 
displaced  with  raspect  to  the  rotational  axis  of  the 
direct  ion- f inding  framework,  produces  tha  deviation  of  fora  (5.48) 
and,  furthermore,  constant  the  depending  on  wavelength  component  of 
deviation  (coefficient  A)  [1,6], 

From  formulas  (5.41)  and  (5.42)  it  is  possible  to  determine  the 
law  of  a change  in  the  deviation  with  frequency-  For  tnia,  it  is 
necessary  to  detariina  a change  in  the  res ist or/resist  a nc » of  an 

A 

inversely- radiating  framework  with  frequency. 

An  in versely- rad i ating  framework  can  be  locked  anl  that  which 
was  extar.ied.  Ir.  its  first  case  they  call  the  inductive  or  locked 
duct,  in  the  second  case  - by  the  capacitive  or  open  circuit. 

The  r esistoc/resistance  of  ii>ductive  duct  for  the  frequencies 
smaller  than  its  own,  it  is  inductive-  Of  capacitive  duct  for  the 
frequencies  smaller  than  its  own,  the  resistor/resistai C2  of  duct  has 
capacitive  character,  for  the  frequencies,  greater  than  its  own, 
inductive  character. 

The  sign  of  the  coefficients  of  deviation  depends  os  that,  is 
arrange/located  the  direction-finding  framework  within  duct  or 
ou  t s i d p it. 
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From  the  anaLysis  of  formulas  (5.41)  and  (5.42)  it  Is  possible 
to  make  fallowing  conclusions. 

1.  At  natural  frequency  of  in vers«ly ^radiating  framework,  and 
also  at  other  frequencies  when  Xon"0, inversely-radiating  framework  does 
not  creata  deviation,  but  is  produced  diffuseness  of  bearing. 

2.  Cf  capacitivo  duct  at  frequencies  smaller  than  its  own,  for 
direct  ion- findi ng  framework  within  duct,  coefficients  of  deviation  D 
and  E are  positive  and  with  decrease  in  frequency  decrease,  striving 
for  certain  limit. 

For  tie  fcegaencies  of  the  direction  finding,  large  their  own, 
and  for  the  sane  conditions  coefficients  D and  F are  negative  and 
with  an  increase  in  the  frequency  decrease,  striving  for  zero. 


[ ■ 


r 

i 

t 

\ 

E 


3.  Of  inductive  duct  at  frequencies  smaller  than  its  own,  and 
for  d i rec t ion- f ind ing  framework  within  duct  coefficients  D and  E have 
minus  sign  and  with  decrease  in  frequency  decrease,  striving  for 
constant  limit. 


I 
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Page  278. 

4.  CDefficients  of  guadrantal  deviation  0 and  E for  vaves  of 
direction  finding,  close  to  their  own  wave  of  duct,  have  two  laximuBS 
(positive  and  negative). 

5)  For  after  beconiing  the  arr  an  gemen  t/per  »ut  at  ion  s of  the 
direct  ion- find ing  framework  of  outside  the  field  invsrsaly-rad iating 
circuit  the  signs  of  deviation,  stipulated  in  p.  2 and  3,  they  change 
by  r everso/i nversa . 

Tabla  '>.1  gives  the  signs  of  the  coafficients  of  fourth 

deviation  D and  E for  the  fceguencies  of  the  direction  finding  • 

snaller  than  the  natural  frequency  inversely- radiating  circuit. 

F • 

Cf)or  the  frequencies  of  the  direction  finding,  larga  of  the 
natural  frequency  of  duct,  the  coefficients  of  deviation  D and  E have 
opposite  signs. 


5.7.  Deviation  caused  by  the  hull  of  ship 


DOC  = 77223214 


PAGE  ^ 


6o  I 


In  W3ik  [5.9]  is  found  the  expression  for  a secaiJiry  field  in 
any  point  under  tie  influence  of  external  electroaagnet ic  sex/floor 
on  the  ideally  conducting  seaicylinder  of  infinite  length*  which  lies 
on  the  ideally  coaducting  surface. 

We  will  pausJ  on  the  case  of  radiowave  propagation  in  horizontal 


plane  (3  = 0). 
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Table  s.  1.  signs  af  the  coefficients  ot  the  qnadrantal  istriation  D 
anii  h'. 


v'^ 

X*^«KT«p  odparno'ftiAy’tapauirn  paMKN  m kteertt  «r 
.tomf  iiM« 

1 \ 1 Ic.irtir.i  1 0(>. 

HAH  pJIMVk 
^ M ixcAHrrn 

1 If 
>,  — 

1 = 5 

< S It 

1 “ - 

1 a 

' r ^ 

i “ 

Zlcntin  itiin 

1^) 

D ' ni'o,i(>.iLiii.i  1 
i-0 

rioncpotiui.i 

1 

1 

Kniiryp  j.  y.nruikiiynjii 

:^'3.tiikh\  Tun 
KoiiTyp  ^P-isnviKiiyTufi 

O-iMKIiyrN.'i 

\ + 

' +4-  1 

1 

J 

ZlcniMiiijq 

1'  V^niiTvp  n 1 

11  III  KlWa-  .!>  P.iaOUKIO  TNi'l 

. — 

1 + 

[MUTax 

^ 3ilV|KilMNri 

lj\\KoiiTyp  Of)  II 

H IV'  KBaA-  KPASOMKIIVTuri 

j _ 

] panT^x 

^ 3.TMKHN  tMH 

1 _ 

1 

! + 

Key:  (1).  Character  of  inverse ly-rad ia ting  franework  ani  Its 
location,  (2).  Tha  direction-finding  framework  is  located,  ( J; . 
within  liirt.  (4).  outside  duct..  (5).  Deviation.  (6).  Longitudinal 
duct.  (7).  Extended.  (8).  Locked.  (9).  Transverse  duct.  (10).  Duct  in 
I and  ITI  guadrants.  (11).  Duct  in  II  and  IV  quadrants. 


Page  279. 

Wo  will  designate:  po  - radius  of  cylinder;  p is  a distance  of 
observation  point  from  the  center  or  cylinder;  H - lagietic 
component  of  norm  * 1 - pol  a ized  elect  ron  agnet  ic  field  of  tra  r.smitter  ; /Y, 
Ho  is  ttie  field  at  any  point,  obtained  as  .a  res-'  o£  diffraction;  p 
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the  angle  between  direction  of  propagation  and  the  arts  of 
seraicy linder ; q - the  angle  between  the  lirection  of  the  resulting 
field  and  by  the  axis  of  semicylinder- 

In  work  is  assuned,  that  p/x  < 1 and  Pq/X  ^ 1. 

Expressions  for  field  components  Hq  above  the  apex/vsctex  of 
semicy li nier  (£  axis  is  directed  along  the  axis  of  seaicy 1 inde r)  it 
takes  the  fora: 

fit  « - 2H„  sin  p, 

= -r(j-yjcosp,  (5.49) 

Hr^Q. 


Expressions  for  tie  coaporents  Uo  above  the  plane  of  the 
semicy lind  or: 

^ t — 2//m  sill  p,  H ^ T.-. 2H ^ 1 — j cos  p, 

Ht  = 0.  (5,50) 

Signs  (+)  and  (-)  are  taken  depending  on  that,  where  is  located 
observation  point  - in  front  of  sem icy  1 in  dec  or  from  behind  it- 


Froni  (5.49)  it  follows  that  above  the  apex/vertax  of  the 


H. 


i + lr 


(5.51) 


se  nicy li n 1 er 


I 


tgp.=  ntg  p, 


■I  I , A A 


& : 8 
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vhece 


-(?)■■ 


(5.52) 


Page  280. 


Depenilen-a  (5.51)  core eapocds  to  bearing  error  (4.16).  Tharefore 

rrl  **"  ^ i 

tgf  ^ — j— D sin  2?  + K sin 4^  + (5.53)  j 

where 

j 

“ = !^  " '<“T-  IS'®")  I 

In  (5.54)  the  cojfficients  of  deviation  D and  K,  are  arprassed  in 
radians. 


At  the  low  values  of  D,  the  deviation  uears  purely  one  fourt.n 
character  and  is  expressed 


If  we  designate 


f = D sin  2q. 


(5.55') 


then,  substituting  (5.52)  in  (5-54)  and  ta)<ing  into  account  (5-55), 
we  o))tain 


'2  + m>' 


Thus,  the  coiductiny  semicylinder  of  infinite  length  in  t)je 
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pointSf  wiich  crorrespond  to  its  apex/vertex , produces  the  deviation 


of  the  form 


tK/  = 


m* 

2+^.  »*"  ^ 

. ^ 
‘~2Tsr«««2« 


(5.57)  i 


Differentiating  equation  (5.57)  for  g,  we  obtain 


t.  * 


/hiko — 3rc  Ig 


2 I + «•  2 /l  + m** 


The  angle  ^waiioi  which  corresponds  to  deviation  /mbkc.  ^3  expressed 


^K.Ko  = r arc  cos 

< 2-j-  <n* 


Page  281, 


Field,  created  by  the  metallic  hull  of  ship  on  iJng  waves,  on 
its  action  in  the  fir.=;t  approximation,  of  the  analogous  with  the 
field  infinitely  long  sen icylinder  of  which  po/^  ^ and  p/\  « 1. 
(values  of  p/x  * 0.3  and  po/A  = 0,3  in  given  formulas  are  valid  with 
an  accuracy  to  53/o) . Therefore  for  the  deviation,  caused  by  the 
metallic  aull  of  ship,  which  arc  <'ound  on  water,  is  correct 
expression  (5.57)  , 


When  the  d ir  ect  ion- f ind  in  g framework,  is  establisi /ii  * tailed  on 
the  centerline  of  ship  directly  on  deck,  then  m * 1.  In  other  cases  a 
radius  of  .ship  pg  one  .should  exprc.ss  c y width  and  heigtit/a  Itit  tide  of 
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ship.  Let  us  dasijnate  the  width  of  ship  in  the  site  of  installation 
of  the  dicectioi.  finder  by  Q and  overall  height  of  ship  (froa  the 
upper  dech  to  keel)  by  H.  Approximately  it  is  possible  to  accept  for 
Po  value 

4 


Por  the  calcilation  of  deviation,  it  is  necessary  to  know  the 
height/altitude  of  the  installation  of  the  franework  of  the  direction 
finder  above  the  up[)er  deck.  Let  us  desiinate  it  by  h.  Then  for  tn  one 
should  write 


tn 


P»_  ft 
f tt+  h 


(5.60) 


Prom  formulas  (5.58)  and  (5.60)  follows  that  for  * decrease  in 
the  deviation*  pcodiiced  by  the  hull  of  ship  (aircraft)*  it  is 
expedient  to  rise  tlie  framework  of  direction  finder  as  possible  above 
above  the  hull  of  ship  (aircraft). 


Deviation  from  the  hull  uf  ship  (aircraft)  changes  with  a change 
in  the  wave.  Only  for  the  average/aean  and  long  waves,  which  exceed 
the  len.gth  ot  housing  10-15  times,  deviation  can  be  considered 
independent  of  wavelength  and  it  it  is  possible  to  compute  according 
to  formula  (5.58).  For  stiorter  waves  the  deviation  inctasaes  at 
first,  than  it  dacreases. 


DOC 


77223214 


PAGE  JT 


The  examined  case  of  diffraction  from  semicylindar  under 
terrestrial  conditions  approximately  corresponds  to  the  installation 
of  radio  direction  finder  at  the  flat/plane  apex/vertex  of  the 
elongated  elevation. 

Page  282. 


5»  a.  Deviation  of  ship  and  aircraft  radio  direction  finder. 


As  this  follows  from  §5. 5-5. 7,  the  metal  hull  of  ship 
(aircraft),  and  also  any  installations  (antenna,  masts,  bridges, 
tubes,  the  locked  ducts  from  delays  with  masts,  etc.)  aboard  ship 
(aircraft)  creates  the  fields  of  reradiation,  the  callino  errors  and 
the  diffuseness  of  bearing* 

In  tae  constant/invar iabie  position  of  object/subjects  around 
external  egu ipoent/Jev ice  of  direction  finder,  the  daviation  also 
remains  co nstan t/L n variabl e and  it  they  consider  with  the  use  of 
radio  direction  finder.  Deviation  depends  on  wavelength. 


Radio  beam  deviation  £ determines  experimentally  for  the 
radi o-co'ir se  angles  of  q from  oo  to  360°  and  depict  in  the  form  of 
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curve.  The  curve  af  radio  beaa  deviation  can  be  expaniad  in  Fourier 
series,  is  analogous  with  curved  coapass  error: 

/ = A + Bsin(7  + Ccos^4-D sin 2^  + E cos 2<7  -f 

-j-  K sin  4^  -X"  L cos  4<; 

where  A - the  coeCficiant  deviation  constant 

2a 

0 

B and  C - the  coefficients  of  the  seaicircular  deviation 

• « I 

^ = ~^f  ilnqdq  ii  C = ^ |/ cos <74/(7,  I 

0 o t 

D and  T.  - the  coefficients  of  one  fourth  deviation 

« « 

D = ~ j/  sin  2qdq  h E = ^ j*/  cos  2qdq, 

0 0 ' 

K and  L - the  coafficients  of  octant  deviation 

m m j 

K = J sin4<7c/(7  h L = ^ J/cos4<7d<7.  / j 

Page  283. 

For  explaining  the  reasons,  calling  the  appearance  of  different 
coefficients  of  deviation,  we  proceed  of  the  action  exaalned  above  of 
separate  ainitters  (antenna,  the  framework)  on  direction  finding. 

fine  should  distinguish  installation  aboard  the  ship  (aircraft) 
of  the  radio  direction  finder  of  mediuo-f rcguency  waves  aid  radio 
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direction  finder  of  short  and  ultra  short  waves. 

On  medium- fraquency  waves  the  deviation  bears  predominantly  one 
fourth  character.  It  is  caused  mainly  by  metal  housing  aad  it  is 
little  affectad  with  a change  in  the  wave.  For  a decrease  in  the 
deviation,  it  is  necessary  the  antenna  system  of  radio  direction 
finder  to  rise  above  the  hull  of  ship. 

On  siort  anl  ultra  short  waves  curved  deviations  do  not  have 
this  regular  character  as  on  medium-f reguency  waves.  Greatest  effect 
have  antenna-like  installations,  especially  with  the  size/dioensions, 
close  to  1/4X  ani  3/4X.  Law  and  the  value  of  deviation  due  to  them 
depend  on  wave;  therefore  law  and  the  value  of  deviation  ohango  with 
wave.  For  judging  about  deviation  on  these  waves,  one  shoild  proceed 
I from  the  account  of  the  closest  antenna-like  installations  (masts, 

tubes,  bridges,  ate.)  (see  the  curves  of  Fig.  5.14);  it  is  necessary 
as  far  as  possibLs  to  drive  out  from  them  the  framework  of  radio 
directioii  finder  ap  to  this  distance  so  as  to  bring  deviation  to  the 
petmirisiblo  value.  This  is  achieved  in  the  best  way  by 
ar ran gemen t /pec mut at  ion  by  the  antenna  of  the  system  of  radio 
direction  finder  on  the  top  of  the  mast  of  ship. 

On  in?d i ua- f r a g uen  cy  waves  usually  it  is  possible  to  Indicate  tha 
reasons  for  the  appearance  of  different  coefficients  of  deviation. 
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1.  A,  Coefficient  deviation  constant**  does  not  iapand  on 
direction  of  iacjping  signal.  It  appears*  if  the  indicator  of  the 
reading  of  hearing  is  estab lish/lnstalled  erroneously  or  in  che 
presence  of  the  ducts  whose  planes  straddle  of  the  frameworJc  of 
direction  finder.  If  A is  caused  by  last/latter  reason,  then  its 
values  change  with  a change  in  the  wave.  This  case  aboard  ship 
(aircraft)  corresponds  to  the  installation  of  the  fcametfoclc  not  along 
the  electrical  axis  of  sytninetry.  In  this  case,  the  fraiawork  can  be 
establish/installad  fron  the  centerline  of  ship,  since  the  centerline 
of  the  symmetry  of  ship  not  always  does  coincide  witn  its  electrical 
axis  of  synimetry. 

Page  2 84. 

2.  B - coefficient  of  deviation,  which  is  changed  with  period 
2»,  i..e.,  coefficient  of  semicircular  deviation.  It  is  caused  by 
antenna-like  emitter,  a rrange/loca ted  from  the  nose  of  saip  (or 
aircraft)  ( + 8)  or  from  s^ern  (-B). 

3.  c - coefficient  of  semicircular  deviation.  It  is  caused  by 
antenna-like  return  emitters,  which  are  located  from  the  starboard 
(-c]  or  from  the  left  side  (♦C)  of  ship  or  aircraft. 
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4.  D - c3effLci?nt  of  quadrantal  deviation.  It  is  caused  by  the 
hull  of  Ship  (Betallic  aircraft,  dirigible)  or  by  the  longitudinal 
and  transverse  ducts.  Signs  0 are  shown  in  Table  5.1. 

5.  E - coefficient  of  quadrantal  deviation.  Is  cause!  by  the 

or 

ducts,  arrange/located  at  an  angle  of  45°  4.14135°  to  the  longitudinal 
axis.  Signs  E ara  shown  in  Table  5.1. 

6.  G and  F - coefficients  of  sectant  deviation,  usually  have 
very  low  value. 

7.  K and  L - coefficients  of  octant  deviation,  depend  on  D and 

E. 

As  shown  earlier,  on  the  short  and  ultra  short  <aves  where 
affect  the  phase  differences,  caused  by  the  distance  betwaen  the 
directior.al  antaiia  of  radio  direction  finder  and  return  emitters, 
the  law  of  change  f from  q becomes  complicated  and  usually  it  is  not 
possible,  on  the  basis  of  curved  deviation,  to  indicate  the  reasons 
due  to  which  appears  tlie  deviation. 


